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In  the  report  the  major  properties  of  multilayer 
composites  as  impact-resistant  and  high- 
temperature  construction  materials  are  esteemed 
in  connection  with  the  geometrical  characteristics 
of  their  structure.  Hie  classification  of  laminated 
composites  based  on  a  commonality  and 
discrepancy  of  structural  parameters  presented. 
Alongside  with  traditional  periodic  parallel-plane 
multilayer  structures  the  ones  having  other 
elements  of  a  symmetry  (cylindrical  or  spheric 
multilayer  objects)  or  not  having  them  at  all 
(irregular  structures  of  all  types)  are  reviewed 
also.  The  porous  laminates  are  included  also  in  a 
system  of  classification,  in  which  the  pores  can  be 
contained  in  both  all,  and  only  some  of  layers. 
Proprietary,  but  essential  variety  of  porous 
laminated  structures  are  composites  which  are 
composed  of  corrugated  or  grid  layers  which  can 
alternate  with  continuous  flat  layers. 

The  special  notice  is  given  to  a  problem  of  an 
anisotropy  of  physical  and  mechanical  properties 
of  laminated  composites.  The  methods  of  precise 
and  approximated  calculation  effective  values  of 
thermal,  thermoelastic,  elastic  and  acoustic 
properties  of  unidimensional  i.e.  flat  laminated 
composites  lengthways  and  across  layers  are 
depicted  the  estimations  of  upper  and  lower, 
values  of  properties  for  other  types  of  composites, 
including  for  irregular  structures  are  given.  In 
most  cases  the  effective  values  of  physical  and 
mechanical  characteristics  are  confined  from  top 
and  from  bottom  by  known  "fork"  of  Foight- 


Reiss.  However,  in  spite  of  extreme  simplicity  of 
a  geometrical  arrangement  of  unidimensional 
laminated  composites,  in  some  cases  the 
consecutive  calculations  of  an  anisotropy  of 
averaged  properties  give  nontrivial  results.  Most 
pronounced  is  for  coefficients  of  the  linear 
thermal  extension  and  connected  with  them 
thermoelastic  stresses. 

The  strength  properties  are  reviewed  for  various 
groups  of  laminated  composites  -  metallic, 
ceramic-metallic  and  ceramic  -  in  connection  with 
features  of  their  fracture.  Thus  the  considerable 
notice  is  given  to  influencing  on  hardness  of 
"heritable"  thermal  stresses,  and  also  conditions 
and  processes  at  inner  grain  boundaries.  It  is 
pointed  out,  that  in  case  of  ceramic-metallic 
composites  it  is  possible  to  achieve  optimal 
combination  of  impact  strength,  modulus  of 
elasticity  and  hardness  of  a  material.  Separately 
are  considered  ultra-light  high-porous  honeycomb 
structures  having  unusually  a  strong  anisotropy  of 
thermal,  acoustic  and  mechanical  characteristics. 

The  prospects  of  applying  laminated  composites 
in  elements  of  constructions  subjected  to  extreme 
thermal  and  mechanical  loadings  are  shown.  The 
tendency  to  transferring  from  discrete  -  laminated 
composites  to  gradient-laminated  and  gradient 
materials  is  noted  with  the  purpose  of  decrease  of 
their  disposition  to  an  inter-layer  delamination 
under  effect  of  thermoelastic  stresses. 
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HEAT  AND  MASS  TRANSFER  IN  POROUS  MEDIA 

Polezhaev  Yu.V. 

IVTAN  (Institute  of  High  Temperatures)  Scientific  Association,  Russian  Academy  of  Sciences, 

Moscow,  127412  Russia 


The  requirements  for  a  porous  material  may  be 
formulated  depending  on  the  efficiency  with 
which  the  coolant  blown  through  this  material 
extracts  heat  supplied  through  the  boundary  layer 
from  external  high-temperature  flow.  The 
temperature  of  the  external  surface  of  the  porous 
material  will  be  defined  in  a  first  approximation 
by  four  parameters,  namely,  the  level  of  external 
heat  flux,  the  specific  flow  rate  of  the  coolant,  the 
thermal  conductivity  of  the  porous  matrix,  and  the 
heat  transfer  inside  the  porous  structure. 

The  first  one  of  these  parameters  depends 
considerably  on  the  completeness  of  mixing  of  the 
external  and  injected  flows,  and  the  last  two 
parameters  may  vary  in  a  wide  range  as  a  result  of 
variation  of  the  packing  structure  of  particles. 
Apparently,  this  may  explain  the  paradoxical  fact 
that,  in  spite  of  the  large  number  of  publications  in 
the  Russian  and  foreign  literature,  not  only  does 
the  disagreement  between  the  experimental  data 
with  respect  to  the  level  of  both  external  and 
internal  heat  transfer  not  decrease,  but,  on  the 
contrary,  this  disagreement  increases. 


will  cite  but  a  few  published  empirical 
dependences  for  the  Nusselt  number 

Nuv  =  avd2/Xc 

Nuv=0.09Re' \ 

Nuv=0.004Re10, 

Nuv=0.0175Re165. 

It  is  obvious  that  the  assumption  of  temperature 
equilibrium  under  conditions  of  percolation  of 
coolant  in  a  porous  matrix  is  too  rough,  and  the 
choice  of  the  linear  size  d  may  help  bring  closer 
the  empirical  correlations  for  the  coefficient  of 
internal  heat  transfer. 

The  disagreement  between  the  experimental  data 
obtained  by  different  researchers  stimulates 
further  the  attempts  to  develop  new  physical 
models  of  the  process. 

The  modified  Darcy  equation  is  often  used  to 
describe  the  percolation  of  liquids  and  gases 
inside  a  porous  medium. 


Naturally,  numerous  attempts  were  made  at 
simplifying  the  formulation  of  the  problem  so  as 
to  derive  its  analytical  solution.  In  particular,  one 
can  do  this  in  the  case  when  the  intensity  of 
internal  heat  transfer  is  sufficiently  high  to  assume 
the  temperatures  Ts  and  Tc,  to  be  equal. 

Numerous  experimenters  extended,  without 
ground,  this  relation  to  any  case  of  percolation  of 
coolant  and  tried  to  use  the  measured  coolant 
temperature  at  the  inlet,  Tc 0,  and  the  external 
temperature  of  the  porous  wall,  Tsw,  to  determine 
the  hear  flux  qw.  It  does  not  follow,  however,  that 
TcqtTo  and  TSW=TCW=TW  and,  therefore,  the  actual 
value  of  qw  may  vary  considerably  from  the 
calculated  one.  This  is  but  one  of  the  possible 
explanation  of  the  disagreement  between  the 
experimental  data  by  different  authors  on  the 
effect  of  injection  into  a  turbulent  boundary  layer. 

The  situation  with  regard  to  generalization  of  the 
experimental  data  on  the  coefficient  of  internal 
heat  transfer  is  likewise  out  of  the  ordinary.  We 


H  Pc  Pc 


where  Ap  is  the  pressure  difference  over  the 
porous  envelope  thickness  H\  Gc  is  the  mass  rate 
of  percolation,  related  to  the  total  cross  section  of 
the  porous  material;  r\c,  and  pc  denote  the 
viscosity  and  density  of  the  liquid  being 
percolated,  respectively;  and  A  and  B  respectively 
denote  the  "viscosity"  and  "inertia'  coefficients  of 
hydraulic  resistance  of  the  porous  material,  which 
are  assumed  constant  in  the  entire  range  of 
variation  of  the  flow  rate  Gc. 


This  division  of  the  total  hydraulic  resistance  into 
two  components  is  somewhat  artificial,  though 
rather  convenient  from  the  practical  standpoint  An 
analysis  and  companion  of  the  published  results  of 
measurements  of  the  viscosity  A  and  inertia  B 
coefficients  are  indicative  of  a  considerable  scatter 
of  the  values  of  the  coefficients  A  and  B  even  for 
porous  structures  of  one  and  the  same  type. 
Apparently,  it  is  both  the  porosity  n  and  the 


4 


PLENARY  SESSION 


characteristics  of  the  starting  material  (such  as  the 
diameter  of  particles  or  fibers,  as  well  as  the 
density  and  structure  of  their  packing)  that  may 
considerably  affect  the  results  of  determining  the 
values  of  A  and  B. 

All  this  caused  a  considerable  decrease  in  the 
interest  of  heat  shielding  specialists  in  the 
hydraulic  characteristics  of  porous  materials, 
however,  serious  problems  associated  with  the 
estimation  of  the  intensity  of  intrapore  heat 
transfer  made  them  once  again  turn  to  the 
modified  Darcy  law  in  search  for  the  so-called 
“inherent”  linear  scale  of  the  medium. 

It  is  interesting  to  compare  the  linear  scale 

d2  =  \/y[A  with  the  geometric  characteristics  of 
the  tested  mesh  materials,  as  well  as  with  other 


possible  linear  scales  suggested  by  other  authors. 

Mesh  materials  offer  a  unique  possibility  of 
comparing  these  scales  with  the  regular  geometric 
characteristic,  because  the  mesh  number 
corresponds  to  the  clear  size  of  its  pores  in 
millimeters,  and  we  will  designate  this  sire  as  d\. 

The  problem  of  the  correct  choice  of  the 
characteristic  linear  dimension  of  a  permeable 
matrix,  as  well  as  the  generalization  of  the 
experimental  date  on  external  and  internal  heat 
transfer  using  an  adequate  physical  model, 
appears  to  be  the  most  urgent  problem  in  the  field 
of  investigations  of  heat  and  mass  transfer  in 
porous  media.  This  will  finally  help  solve  the 
problem  of  optimization  of  the  parameters  of 
porous  systems  for  various  practical  applications. 
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CAPILLARY  TRANSPORT  OF  LOW-VISCOUS  LIQUIDS  IN  POROUS 
METAL  MATERIALS  UNDER  EFFECT  OF  GRAVITATION 


Kostornov  A.G. 

Frantsevich  Institute  for  Problems  of  Materials  Science  NAS  of  Ukraine,  Kyiv,  Ukraine 


Porous  metal  materials  are  widely  used  as 
capillary  structures  in  heat-exchange  systems  of 
evaporation-condensation  and  transpiration  types. 

In  operation  of  above  systems  the  capillary  forces 
have  key  influence,  which  govern  both  transfer  of 
working  liquid  over  pore  channels  and  foraing  out 
of  it  by  pressure  or  temperature  gradient. 


In  the  absence  of  pressure  gradient  the  liquid  in 
porous  body  moves  under  effect  of  a  capillary 
pressure  which  in  general  case  is  balanced  by 
losses  in  pressure  due  to  friction  in  pores  and 
difference  of  pressure  in  liquid  due  to  gravity. 


Neglecting  the  inertia  effects  at  low  flow  rates  one 
can  obtain  from  the  equation  of  pressure  balance 
the  following  relationtship  for  average  flow  rate 
of  liquid. 

4a  |  cos  a  | 

0) 

from  which  the  maximum  rate  of  capillary 
absorption  under  the  conditions  of  full  wetting  of 
material  is 


y  -  ^ 

32p.LB2 


V  -  (2) 

8hLB!  ’ (2) 

and  the  maximum  heigh  of  capillary  rising  is 
Hma*=  —  .  (3) 


In  above  expressions  De(r  is  average  effective  size 
of  pores  in  material,  which  is  equal  to  equilibrium 

value  of  average  hydraulic  diameter  D  —  of  pore 

h 

channels  in  the  case  of  regular  porous  structures, 
for  which  the  coefficient  of  sinuosity  is  B;  c,  g 
and  p  are  surface  tension,  density  and  absolute 
viscosity  of  working  liquid  at  wetting  angle  a, 
respectively;  q  is  gravitational  acceleration;  L  is 
distance  to  which  the  liquid  front  displaced  in 
material  (its  ultimate  value  equals  to  the  specimen 
length  Lo),  which  is  located  at  the  angle  t  with 
respect  to  horizontal. 


Based  on  traditional  quantity  which  determines 
the  structural  characteristic  of  permeable  material, 
namely  general  porosity  0,  one  can  derive  the 
following  expression  for  average  flow  rate  of 
liquid  in  pores 

Y  _  2ct  J _ 1_  1  e2ineV 

"  (i  Sl  BJLo,dl  1-0  J  •  (4) 

where  So  is  specific  surface  of  the  unit  volume  of 
porous  body. 

High-porous  specimens  made  from  powders  of 
copper  PMS,  bronze  BrOFlO-1,  steels  H18N10 
and  H18N15,  titanium  PTE,  PTEM-2,  PTM, 
PTOM  and  its  alloy  VT9  with  varions  dispersity 
and  particle  shape;  discrette  fibers  of  copper  M 1 
and  titanium  alloy  VT6  with  different  diameter, 
and  also  grid-like  specimens  made  from  steel 
H18H9T  were  used  for  experimental  study  of  the 
kinetics  of  capillary  transport  of  ethanol,  distilled 
water  and  acetone. 

All  determining  characteristics  for  the  pore 
structure  of  materials  under  study  were 
preliminary  determined  in  the  specimens- 
whitnesses. 

Wide  possibilities  have  been  demoustrated 
concerning  the  forcast  control  of  the  capillar 
effects  in  powder  structures  by  technological 
methods:  pressing  via  elastic  film;  by  adding 
pore-forming  and  agents;  by  vibroforming  with 
both  continuous  and  discrette  variation  in  pore 
size;  by  precipitation  of  fine-grained  particles  in 
porous  sceleton;  by  deformation  of  billets  with 
wedge  shape;  by  cyclic  oxidation-reduction;  by 
electric  deposition. 

The  most  promissing  capillar  structures  were 
shown  to  be  materials  from  monodisperse  fibers 
which  capillar  potential  can  be  essentially  varied 
through  the  control  of  adhesion  work  with  the  aid 
of  high-temperature  oxidation  and  vacuum 
treatment. 

In  such  structures  the  most  effect  on  the  rate  of 
capillar  transport  in  horizontal  location  has  the 
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variation  in  specific  surface  of  pores  and  then  in 
porosity  and  effective  pore  size. 

Upon  movement  of  liquid  against  gravitational 
force,  porous  materials  having  the  most  value  of 

parameter  of  capillar  pump  K/Oehq  showed  the 
highest  capillar  rising. 

For  correct  calculation  of  transport  properties  of 
capillar  structures  in  various  pore  materials,  we 
present  the  data  about  wetting  them  with  different 
liquids  (benzine,  acetone,  ethanol,  methanol, 
water).  The  equilibrium  wetting  angles  were 


determined  by  the  methods  of  lying  drop, 
photographine  of  shadow  image  of  free  meniscus 
upon  wetting  of  vertically  placed  specimen  with 
liquid  and  capillar  rising. 

Some  examples  of  practical  use  of  capillar  mass 
transfer  and  its  lows  are  shown  for  the  resolving 
of  methodical  and  technological  tasks 
(determination  of  closed  porosity  in  specimens, 
preparation  of  composite  materials  by 
impregnation,  forecasting  of  service  parameters  of 
heating  tubes  and  optimization  of  their  mass  and 
dimensions  for  different  service  conditions. 
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ADVANCED  STRUCTURAL  METALLIC  ALLOYS  AND  TECHNOLOGIES 

FOR  AIRSPACE  USERS 

Logunov  A.V..  Timofeev  A.N. 

Open  Joint-Stock  Company  “KOMPOZIT”,  Institute  of  Metals,  Korolev,  Russia 


The  present  review  intends  to  demonstrate  the 
results  of  the  most  important  achievements  of  the 
Open  Joint-Stock  Company  “KOMPOZIT”  in  a 
field  of  advanced  structural  metallic  materials  and 
technologies. 

Metallic-  and  intermetallic  structural  alloys. 

Intermetallic  alloys  based  on  aluminides  (Ni-Al, 
Ti-Al  and  some  other  systems)  represent  a  new 
generation  of  advanced  superalloys  and  are  in  a 
course  of  development  in  our  Institute.  A  number 
of  acceptable  intermetallic  compounds  have  a 
relatively  high  level  of  melting  points,  a  good 
oxidation  and  scale  resistance  and  a  low  density  in 
compare  with  traditional  metallic  alloys  (for 
example,  Ni-base  superalloys).  However,  the  most 
acceptable  intermetallics  show  room  temperature 
brittleness  that  complicates  their  application  as  the 
structural  materials.  Fortunately,  there  exist  the 
approaches  that  allow  one  to  get  over  this 
difficulty  and  some  of  them  have  been  developed 
in  our  Institute.  One  of  approaches  in  an 
intermetallic  alloy’s  design  is  based  on  a 
formation  of  a  special  microstructure  that 
guarantees  an  acceptable  level  of  the  room 
temperature  plasticity  and  a  good  structural 
stability  at  high  temperatures. 

Among  traditional  metallic  structural  alloys  a 
group  of  the  weld  Al-base  alloys  with  a  service 
temperatures  from  -  235  up  to  200  °C  is  at  the 
center  of  attention.  The  alloys  of  this  group  have  a 
number  of  preferences  in  compare  with  well- 
known  Al-Li  (01460)  and  Al-Sc  (01545)  alloys, 
for  example,  have  a  low  tendency  to  formation  of 
the  micro  cracks  and  show  the  highest  level  of  the 
specific  strength. 

Advanced  technologies.  Our  efforts  that  are 
made  in  a  direction  of  the  advanced  materials 
design  require  an  elaboration  of  the  advanced 
technologies.  The  following  decisions  in  a  field  of 
technologies  can  be  especially  marked: 

-  There  exists  an  investment-  and  permanent-mold 
casting  of  Ti-base  alloys  that  allows  one  to  obtain 
the  blown-free  ingots  having  a  very  low  level  of 
impurities.  A  high  quality  of  ingots  is  also 
achieved  by  means  of  using  an  electron-beam 
melting. 


-  An  isothermal  hot  stamping  is  a  progressive 
method  of  a  hard-deformed  materials  production. 
It  allows  one  to  fabricate  the  complex-shape 
wares  from  intermetallic  and  titanium  alloys 
having  low  room  temperature  plasticity.  As  a 
result  of  this  process  an  improvement  of  a  number 
of  properties  occurs.  For  example,  the  tensile 
ductility  is  increased;  the  low  cycle  fatigue  is 
significantly  improved. 

-  Hot  Isostatic  Pressing  (HIP)  of  structural 
materials  is  a  unique  technology  that  allows  one  to 
strongly  affect  on  the  alloy’s  microstructure 
including  the  gas  pore  defects  and  shrinkages  in 
the  alloy.  In  this  paper  the  effects  of  HIP  on  the 
microstructure  of  Ni-base  superalloys  is  discussed 
in  more  detail.  For  example,  a  number  of 
conventional  cast  alloys  are  known  for  their 
coarse  y’  +  y  eutectic  areas  and  chunky  carbides. 
The  course  structure  and  the  unhomogeneity  in 
the  alloys  result  in  not  only  reduced  yield  strength 
and  low  cycle  fatigue  property,  but  also  hot 
workability.  The  data  obtained  demonstrate  that 
after  HIP  and  heat  treatment  the  microstructure  of 
Ni-base  superalloys  is  greatly  improved.  The 
coarse  y’  +  y  eutectic  areas  can  be  effectively 
eliminated  by  transformation  into  fine  y’  -  y 
regions.  The  composition  segregation  may  be  also 
remarkably  eliminated  by  HIP  treatment.  As  a 
result  the  several  types  of  y’  -  y  microstructures 
may  by  formed.  It  depends  on  the  parameters  of 
the  HIP  treatment:  a  uniform  fine  y’  -  phase  in  the 
y  -  matrix  or  duplex  y’  -  y  microstructure  can  be 
created. 

An  improvement  of  the  microstructure  and 
eliminated  of  the  porosity  provide  marked  quality 
and  property  improvements.  For  example,  after 
HIP  treatment  of  the  cast  blades  made  from  the 
Ni-base  superalloy  type  In  100  he  following 
results  have  been  obtained:  the  fatigue  strength  a., 
=  22.6  kgf/mm2 ,  yield  strength  crb  =  92  kgf/mm2 , 
tensile  yield  8  =  4.4  %  (a.,  =  16.6  kgf/mm2 ,  yield 
strength  ab  =  85  kgf/mm2  ,  tensile  yield  5  =  3% 
for  unHIPed  blades).  The  long-term  strength  of 
the  HIPed  samples  at  temperatures  975°C,  900°C 
and  800°C  increases  in  1 .5-3  times. 
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HIGH-TEMPERATURE  CERAMOMATRIX  COMPOSITES 

K'rxtiknv  v.l..  Timofeev  A.N.(1),  Bogatchev  E,A.(1) 

Federal  State  Unitary  Enterprise  NIIGrafit,  Moscow,  Russia . 

(1)Open  Joint-Stock  Company  Research,  Development  and  Production  Corporation  “KOMPOZIT  , 

Korolev,  Moscow  region,  Russia 


The  works  in  the  field  of  carbon-carbon 
composite  materials  [1-3]  and  high-temperature 
ceramics  [4,5]  had  created  a  basis  reliable  enough 
for  development  of  new  generation  of  high- 
temperature  materials,  i.e.  ceramomatrix 
composites  (CMC).  These  composite  materials 
must  inherit  all  advantages  of  both  carbon-carbon 
composite  materials  and  high-temperature 
ceramics  and  get  rid  of  disadvantages  proper  to 
them.  The  main  reason  causing  researchers 
material  scientists  to  start  active  exploration  of 
composite  materials  with  ceramic  matrix  and  their 
manufacturing  processes  development  was 
insufficiency  of  properties  level  of  carbon-carbon 
composite  materials  (low  resistance  to  oxidative 
media  and  insufficient  resistance  in  erosive  flows 
at  high  temperatures)  and  high-temperature 
ceramics  (low  resistance  to  thermal  shocks  and 
thermal  cycling). 

A  review  is  presented  in  the  report  of  domestic 
and  foreign  investigations  in  the  field  of 
development  of  high-temperature  CMC.  Results 
are  considered  of  works  in  two  directions. 

>  CMC  efficient  in  neutral  media; 

>  CMC  efficient  in  oxidative  medium  conditions. 

The  first  direction  is  presented  by  development  of 
composites  of  the  type  C/MeC  (TaC,  HfC). 
Composites  of  this  type  have  larger  erosion 
resistance  comparing  to  carbon-carbon  composite 
materials.  Thus  the  works  we  had  carried  out  on 
introduction  of  tantalum  carbide  into  a  porous 
carbon  preform  had  shown  an  opportunity  of 
considerable  increasing  of  ultimate  compression 
strength  and  chiefly  of  decreasing  erosion  takeoff 
by  3-4  times  comparing  to  a  carbon-carbon 
composite  material  with  the  same  reinforcement 
type.  However  in  composites  of  that  type  at  high- 
temperature  exploitation  eutectics  are  formed  at 
the  C-MeC,  melting  temperature  of  which  is  lower 
than  the  same  of  composite  ingredients.  Analysis 
of  modem  tendencies  in  creation  of  new  thermal 
erosion  resistant  materials  shows  that  further 
increasing  of  erosion  resistance  is  connected  with 
introduction  of  elements  or  compounds  possessing 
ablation  effect  into  a  composite,  or  reinforcing  of 


carbide  matrices  by  carbide  fibers  (TaC/TaC, 
HfC/HfC). 

Concerning  the  second  direction,  the  most 
investigated  are  composites  C/SiC,  SiC/SiC  and 
their  modifications  with  several  types  of 
additional  protective  coatings  increasing  the 

service  temperature.  Several  integral  and 

differential  schemes  are  considered  of  surface 
protection  of  composites  from  oxidation.  The 

authors  had  presented  a  classification  of  CMC 
developed  on  principles  of  material  science,  i.e. 
by  material  of  filler  and  matrix.  This  classification 
is  based  on  both  developed  composite  materials 
and  composites,  which,  in  authors’  opinion  shall 
be  developed  in  the  nearest  future. 

Basic  methods  of  obtaining  of  CMC  are  also 
presented  in  the  report,  advantages  and 

disadvantages  are  analyzed  of  each  of  them  as 
welT  as  tendencies  of  their  application  in 
commercial  industrial  production. 

Application  fields  are  given  of  high-temperature 
CMC. 


1.  Kocthkob  B.H.  -  3K.  Bcec.  xhm.  o-bo  hm.  fl.H. 
MeuueneeBa,  1989,  t.34,  JVs  5,  c.  492-501. 

2.  G.  Savage.  Carbon-Carbon  Composites.-  Chapman 
&  Hall,  1993. 

3.  JO.  r.  EyuiyeB,  M.H.  riepcHH,  B.A.  Cokojiob. 

yrjiepoa-yrjiepoflHbie  K0Mn03HiiH0HHbie 

Marepnajibi.  -  M.:  MeTaJuiyprus,  1994. 

4.  P.  KH<t><l>ep,  O.  Eene30BCKHfi.  TBepabie 
MaTepnanM.  nepeB.  c  HeM.  -  M.:  MeTanJiypriw, 
1968. 

5.  KocoJtanoBa  T.R.,  AHflpeeBa  T.B.,  EapTHHUKaa 
T.E.  h  ap.  HeMeTaJuiHHecKne  TyronnaBKHe 
coeaHHeHHfl.  -  M.:  MeTajuiypraa,  1985. 
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THERMAL  STABILITY  OF  NANOSTRUCTURED  MATERIALS 

Andrievski  R.A. 

Institute  of  Problems  of  Chemical  Physics,  Russ.  Acad,  of  Sciences,  Chemogolvka,  Russia 


Essentially  all  nanostructured  materials  (NM)  in 
itself  are  far  from  equilibrium  state.  Many  features 
such  as  large  part  of  interfaces  and  triples,  possible 
irregular  distribution  of  alloying  elements  and 
admixtures,  the  availability  of  nonequilibrium 
phases,  residual  stresses  and  so  on  result  in  the 
excess  value  of  free  energy.  So  the  thermal 
activation  leads  to  enhancement  of  diffusion  and 
recrystallization  with  partial  or  total  annihilation  of 
the  nanocrystalline  structure,  nonequlibrium 
phases  and  residual  stresses,  that  ,  in  one’s  turn, 
changes  the  properties  of  NM.  Thus,  in  many  cases 
the  thermal  impulses  could  result  in  the  critical 
conditions  for  NM.  Besides,  the  understanding  of 
the  thermal  stability  regularities  is  also  very 
important  for  the  development  of  optimal 
technological  regimes  of  the  NM  preparation 
which  in  many  cases  are  connected  with  high 
temperatures. 

In  this  paper,  we  attempt  to  review  the  progress  in 
results  of  thermal  stability  of  NM  based  on  metals, 
alloys,  intermetallics,  oxides,  borides,  nitrides,  etc. 
both  in  bulk  and  film  forms.  The  attention  is  taken 
to  the  different  aspects  of  grain  growth  such  as  the 
kinetics  features,  the  availability  of  the  growth 
stagnation  and  grain  boundary  segregation  and  so 
on.  Interesting  idea  on  the  vacancy  generation 
during  grain  boundary  migration  [1]  is  also 
analyzed  in  connection  with  experimental  results 
which  have  showed  that  NM  with  small  grain  size 
are  more  stable  than  those  with  bigger  crystallites. 

The  presence  of  triples  and  residual  stresses  exert 
important  influence  upon  grain  growth. 


Analysis  of  thermodynamics  of  alloy  nanocrystals 
has  revealed  the  unmonotonous  change  of  integral 
Gibbs-free  energy  as  a  function  of  grain  size.  This 
deduction  has  been  done  both  from  the  Langmuir- 
McLean  approximation  and  Fowler-Guggenheim 
that  [2,3],  This  result  can  be  also  used  for 
explanation  of  stability  of  NM  with  small 
crystallites. 

The  behavior  of  supersaturated  solid  solution  and 
nonequilibrium  phases  in  nanostructured  bulks  and 
films  are  also  discussed  in  detail. 

The  special  interest  is  that  now  it  is  possible  to 
obtain  NM  with  crystallites  of  about  1-2  nm  and 
lower  [4],  This  was  realized  by  magnetron 
sputtering  as  applied  to  boride/nitride  films.  Such 
NM  can  be  classified  as  cluster-consolidated 
solids.  Their  annealing  at  1000°C  does  not  effect 
on  grain  size  but  accompanied  by  some  decrease  of 
hardness.  This  situation  is  connected  with  residual 
stresses  relaxation. 

1.  Y.Estrin,  G.Gottstein,  L.S.Shvindlerman.  Acta 
Mater.  47,3541  (1999). 

2.  J. Weissmuller.  Nanostructured  Mater.  3,  261 
(1993). 

3.  D.L.Beke,  Cs.Cserhati,  I.A.Szabo. 
Nanostuctured  Mater.  9,  665  (1997). 

4.  R.A. Andrievski,  G.V.Kalinnikov, 

A.E.Oblezov,  D.V.Shtanskiy.  Physics 
Doklady,  2002,  submitted  to  publication. 
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THE  METHODOLOGY  OF  SOLVING  INVERSE  HEAT  TRANSFER 
PROBLEMS  AS  A  TOOL  FOR  INTERPRETING  THE  RESULTS  OF 

EXPERIMENTAL  RESEARCH 

Matsevity  Yu.M. 

A.N.  Podgomy  Institute  for  Mechanical  Engineering  Problems  of  the  NAS  of  Ukraine,  Kharkiv, 

Ukraine 


In  some  cases,  the  complexity,  labour 
intensiveness  and  high  cost  of  thermophysical 
experiments  make  mathematical  simulation  an 
indispensable  tool  for  investigating  heat  transfer 
processes.  Its  efficiency  relies  largely  on  the 
effectiveness  of  the  methods  of  solving  heat 
transfer  problems  and  the  computational  tools  used 
for  implementing  these  methods.  However, 
irrespective  of  the  methods  and  tools  used  by  the 
investigator,  the  results  of  solving  the  problems 
mentioned  depend  entirely  on  the  correctness  of 
selecting  the  mathematical  model  of  the 
phenomenon  and  the  validity  of  the  available 
uniqueness  conditions. 

In  view  of  their  imperfection,  special  experiments 
in  determining  the  thermophysical  properties  of 
materials  and  the  boundary  conditions  cannot  often 
serve  as  an  exhaustive  source  of  information  about 
the  uniqueness  conditions.  Moreover,  each  such 
experiment  is  unique  in  a  definite  sense,  requires  a 
special  geometry  of  specimens  and  specific  heating 
(cooling)  regimes;  special  measurement  methods, 
accessories  and  equipment.  Accordingly,  a  great 
deal  of  attention  has  been  paid  recently  to  the 
solution  of  inverse  heat  transfer  problems  (IHTP), 
in  which  available  (very  limited)  data  about  the 
temperature  inside  the  body  can  be  used  to 
reconstruct  its  temperature  field;  determine  its 
thermophysical  properties  and  geometric 
characteristics;  identify  the  initial  and  boundary 
conditions,  as  well  as  to  specify  the  mathematical 
model  of  the  phenomenon. 

In  other  words,  the  methodology  of  solving  inverse 
problems  is  a  powerful  tool  for  interpreting  the 
results  of  a  thermophysical  experiment,  making  it 
possible  to  identify  the  parameters  of  heat 
engineering  systems  and  processes  by  their  indirect 
manifestations.  This  is  particularly  sensitive  in 
diagnostics  problems,  which  recently  have  been 
coming  into  the  focus  of  researchers  when 
estimating  the  residual  life  of  power  and  industrial 
facilities.  This  is  mandatory  for  identifying  the 
strategy  of  upgrading  and  reconstructing  these 
facilities. 


Since,  in  essence,  IHTPs  are  ill-posed  problems 
because  their  causal  links  are  violated,  they  were 
considered  for  a  long  time  as  non-solvable  ones. 
After  Academician  Tikhonov  A.N.  introduced  the 
notion  of  conditional  correctness  [1],  and 
subsequent  works  were  published  by  himself, 
Ivanov  V.K,  Lavrentiev  M.M.  and  their  progeny 
([2-5]  and  others),  there  appeared  the  possibility  of 
solving  inverse  problems.  All  this  conditioned  the 
development  of  the  theory  of  ill-posed  problems, 
the  emergence  of  academic  schools,  progress  in 
thermophysical  research  and  obtaining  of 
outstanding  results  when  solving  scientific  and 
engineering  problems  [6-10]. 

The  Institute  for  Mechanical  Engineering  Problems 
of  the  NAS  of  Ukraine  has  been  conducting  wide- 
scale  research  in  heat  processes.  In  so  doing, 
methods  of  solving  boundary,  internal,  geometric 
and  combined  IHTPs,  as  well  as  of  optimisation 
and  optimal  control  problems  [8,  9  and  11-15] 
have  been  used. 

As  a  result  of  these  investigations,  heat  transfer 
conditions  have  been  defined  for  the  following 
cases:  in  cooling  channels  of  turbomachines  and  on 
the  surfaces  of  steam  turbine  casings;  in  ICE 
cylinders;  on  the  surfaces  of  cooled  caissoned 
components  of  metallurgical  furnaces;  during 
surface  boiling  of  dispersed  liquid;  and  in 
electronics  components. 

Thermophysical  characteristics  have  been 
identified  for  polycrystalline  superhard  materials; 
for  metal  hydrides;  for  amorphous  metals  and  for 
ceramic  materials.  The  power  of  internal  heat 
sources  has  been  defined  for  induction  heating  of 
metals;  for  induction  hard  facing;  and  for 
activation  annealing  of  semiconductor  wafers. 

The  following  geometric  parameters  have  been 
defined:  the  substrate  coating  thickness;  the  depth 
of  hardening  of  sheet  products;  the  geometry  of 
caissoned  structures  of  fire  engineering  plants;  and 
the  depth  of  destruction  of  a  flash  smelting  furnace 
bottom.  Allocation  of  resistive  components  in  the 
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plates  of  cermet  heaters,  and  of  cooling  channels  in 
cermet  boards  has  been  carried  out. 

The  problem  of  concurrent  identification  of  the 
thermophysical  performance  and  boundary 
conditions  of  heat  transfer  has  been  solved  for  a 
rod  cooled  by  a  dispersed  liquid  and  for  induction 
hardening. 

Optimisation  has  been  carried  out  for  the  thermal 
regime  of  a  steam  turbine  casing;  for  thermal 
processes  during  induction  hardening;  for 
activation  annealing  of  semiconductor  wafers  and 
for  the  heat  engineering  process  of  slag 
granulation. 

All  the  problems  solved  have  demonstrated  the 
high  efficiency  of  parametric  identification  of  heat 
processes  by  implementing  the  IHTP  solution 
methods. 
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HOLLOW  SUBMICRON-SIZED  POLYMER  PARTICLES  AS  WHITE 
PIGMENT  FOR  OBTAINING  PIGMENTED  POLYMERIC  COATINGS  AND 
COMPOSITIONS  WITH  INCREASED  THERMAL  STABILITY 

Ivanchev  S.S.,  Pavlyuchenko  V.N.,  Sorochinskaya  O.V.,  Skrifvars  M.(  ’ 

St-Petersburg  Department  of  the  Boreskov  Institute  of  Catalysis  of  the  Siberian  Branc 
of  the  Russian  Academy  of  Sciences,  St-Petersburg,  Russia 
(1)SICOMP  AB,  Pitea,  Sweden 


Hollow  polymer  particles  with  micron-sized 
air-filled  hollows  are  effective  light-scattering 
materials  that  determines  the  main  area  for 
their  application  in  the  production  of 
pigmented  coatings  and  compositions.  The 
most  convenient  approach  to  obtaining  hollow 
particles  of  this  type  is  a  synthetic  technique 
(without  using  volatile  pore  forming  agents) 

>  based  on  emulsion  (co)polymerization  of  vinyl 
monomers  in  aqueous  media.  Technological 
and  ecological  advantages  of  the  application  of 
hollow  pigments  in  the  latex  form  in 
combination  with  waterborne  polymeric 
binders  (synthetic  film  forming  latexes, 
aqueous  solutions  of  condensation 
prepolymers)  are  obvious  and  connected  with 
the  simplicity  of  pigment-binder 
compatibilization  and  low  energy  required  for 
this  step,  low  density  and  high  exploration 
performances  of  the  pigmented  compositions. 

We  have  developed  a  method  for  the 
preparation  of  hollow  particle  latexes  on  the 
basis  of  styrene-acrylic  copolymers  [1,2]. 
However  low  glass  transition  temperature  (Tg) 
of  the  polymer  shell  (about  100°C)  does  not 
allow  the  hollow  pigment  incorporation  into 
the  thermosetting  binders  cured  and  used  at 
elevated  temperatures.  In  addition,  the  anionic 
nature  of  the  latexes  makes  impossible  their 
application  in  thermosetting  compositions 
cured  in  the  presence  of  acidic  catalysts.  In 
order  to  resolve  this  problem  we  have 
developed  a  new  method  for  obtaining  hollow 
particle  latexes  with  an  additional  thermally 
resistant  outer  shell  comprising  a 
thermosetting  polymer. 

The  synthesis  procedure  involves  the 
following  stages: 


preparation  of  a  carboxyl  containing 
copolymer  latex  by  emulsion  copolymerization 
of  methyl  methacrylate,  methacrylic  acid  and  a 
small  amount  of  a  crosslinking  comonomer 
(0.5%wt.); 

-  preparation  of  particles  with  the  core-shell 
morphology  by  emulsion  copolymerization  of 
styrene,  acrylonitrile  and  divinyl  benzene  in 
the  presence  of  carboxyl  containing  seed 
particles; 

-  neutralization  of  carboxyl  groups  in  the  core 
with  a  base  at  temperatures  above  Tg  of  the 
shell  polymer  proceeding  with  a  strong  core 
swelling,  shell  expansion  and  formation  of  one 
central  hollow  (diameter  300-400  nm)  in  the 
latex  particle; 

-  addition  of  a  cationic  colloid  of  melamine- 
formaldehyde  resin  (MFR)  into  the  anionic 
hollow  particle  latex  resulting  in  the  cationic 
resin  deposition  onto  the  anionic  hollow 
particles,  their  recharging  and  partial 
condensation  of  the  cationic  MFR. 

The  MFR  cationic  colloid  was  prepared  by 
water  mediated  condensation  of  melamine  (M) 
and  formaldehyde  (F)  in  the  presence  of 
hydrochloric  acid  at  molar  ratios  of  the 
reactants  M:F:HC1  from  1:2:0. 4  to  1:8. 4. 1.3. 

In  order  to  avoid  the  latex  system  coagulation 
the  procedure  of  anionic  hollow  particle 
recharging  with  a  cationic  MFR  colloid  was 
carried  out  with  simultaneous  feeding  of  the 
components  into  the  reactor  at  vigorous 
stirring.  The  particle  recharging  was  confirmed 
by  the  change  in  the  particle  c-potcntial  from  — 
50  mV  (anionic  latex)  to  +20  -5-  +50  mV 
(recharged  latex).  The  q-potential  value  of 
recharged  particles  depends  on  the  ratio 
between  the  components  in  the  used  cationic 
MFR  and  cationic  MFR  colloid:  anionic 
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hollow  polymer  weight  ratio.  We  have  found 
that  this  ratio  should  be  no  less  than  0.3, 
otherwise  a  significant  latex  thickening  or 
coagulation  occurs. 

Electron  microscopy  study  of  the  prepared 
particles  (Figures  1,  2)  indicated  remaining  of 
the  hollow  size  and  some  increase  in  the  shell 
thickness  after  cationic  MFR  deposition  onto 
the  surface  of  anionic  particles.  DSC 
characterization  revealed  that  a  preliminary 
condensation  of  the  outer  MFR  shell  can  be 
fulfilled  at  70-90°C  straight  in  the  latex  form. 
The  final  curing  proceeds  in  a  pigmented 
composition  containing  as  a  binder  MFR 
etherified  with  methanol  at  150-190°C  within 
5-35  min  depending  on  the  hollow  pigment 
chemical  composition. 

Thermal  stability  of  hollow  particles  modified 
with  a  cationic  MFR  was  estimated  by 
measuring  optical  properties  of  the  coatings 
(based  on  etherified  MFR)  pigmented  with 
hollow  particles.  The  coatings  comprising  non- 
modified  anionic  styrene-acrylic  hollow 
particles  became  almost  transparent  after 
exposure  to  the  temperature  170°C  thus 
indicating  the  destruction  of  hollow  particles. 
The  coatings  based  on  the  modified  hollow 
pigment  retained  the  initial  opacity  upon  the 
similar  treatment. 

Recommendations  for  the  application  of  the 
developed  cationic  hollow  particles  as 
components  for  thermally  resistant  pigmented 
polymeric  compositions  and  multifunctional 
additives  in  pulp  and  paper  industry  are  set 
forth. 
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Figure  1 .  Electron  micrograph  of  anionic 
hollow  particles.  Dn  =  520  nm,  Dv  =  545  nm 


Figure  2.  Electron  micrograph  of  hollow 
particles  after  modification  with  cationic  MFR 
(hollow  polymer:MFR  weight  ratio  1 :0.5). 

Dn  =  570  nm,  Dv  =  590  nm 
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TECHNOLOGY  OF  MANUFAKTORING  ALLOYS  FROM  INDUSTRIAL 
WASTER  BY  A  METHOD  OF  THE  LIQUID-PHASED  REDUCTION  OF 
OXIDES  OF  METALS  IN  IRON-CARBON  MELT 

Navdek  V.L.,  Kostyakov  V.N.,  Poletaev  E.B.,  Chepel  S.N. 
Physic-Technological  Institute  of  Metals  and  Alloys  of  National,  Academy  of  Sciences  of  Ukraine, 

Kiev,  Ukraine 


During  the  last  years  the  Physic-Technological 
Institute  of  Metals  and  Alloys  of  National 
Academy  of  Sciences  of  Ukraine  has  intensively 
been  working  in  the  field  of  manufacturing  metals 
and  alloys  from  different  industrial  wastes  by  a 
method  of  reducing  oxides  of  metals  in  iron- 
carbon  melt. 

Among  numerous  wastes  of  the  economic  activity 
a  special  place  is  occupied  by  high  toxic  wastes 
containing  in  particular  such  metals  as  Cd,  V,  Co, 
Pb,  Hg,  Mo  and  others.  In  this  connection  the 
problem  of  utilizing  the  referred  to  above  wastes 
in  particular  electroplating  sludge  for 
industrialized  countries,  including,  Ukraine,  is  one 
of  the  most  important. 

The  fulfilled  analysis  of  the  compositions  of 
electroplating  sludge  and  worn-out  catalysts  from 
some  Ukrainian  enterprises  has  shown  that  all 
wastes  by  their  chemical  composition  are  close  to 
polymetallic  ores,  and  therefore,  for  their 
processing  metallurgical  technologies  can  be  used. 

The  investigation  of  peculiarities  of  the 
technological  process  of  remelting  different 
wastes  and  melting  alloys  can  be  conducted  in  a 
plasma  furnace.  As  a  reductant  in  this  case  carbon 
in  the  form  of  electrode  breakage  is  used. 

It  has  been  revealed  that  during  melting  at  the  arc 
current  of  200-600  A  up  to  70  %  of  volatile 
matters  is  withdrawn  from  sludge  and  up  to  30  % 
of  a  solid  concentrate,  consisting  from  metal  and 
sludge,  is  formed. 

The  yield  of  metallic  base  and  its  chemical 
composition  are  presented  in  Table  1 . 

From  Table  1  follows  that  at  remelting 
electroplating  sludge  a  high  yield  of  metallic  base 
with  a  high  content  of  Cr  and  Ni  is  reached. 


In  future  alloys  melted  of  sludge  have  been  used 
for  melting  alloy  cast  irons  and  steels. 

Composition  of  sludge  and  chemical  composition 
of  manufactured  melted  cast  irons  and  steels  are 
presented  in  Table  2. 

Chemical  composition  of  these  alloys  is  close  to 
the  composition  of  alloys,  regulated  by  acting 
normative  documents. 

More  effective  process  is  the  use  of  electroplating 
sludge  in  charge  during  melting,  at  which  an 
intermediate  metallurgical  process  stage  is 
excluded.  In  this  case  the  withdrawal  of  volatile 
matters  and  reduction  of  metal  oxides  carried  out 
in  iron-carbon  melt  during  melting. 

Chemical  composition  of  melted  alloys  is 
presented  in  Table  3. 

It  should  be  hooted  that  the  basis  metal  Cr  and  Ni 
are  reduced  in  iron-carbon  melt  adequately  and 
the  degree  of  their  reduction  amounts  to  80-90  %. 

The  implemented  investigations  gave  an 
opportunity  to  develop  scientific  fundamentals  for 
elaborating  a  technology  of  manufacturing  alloys 
with  the  use  of  industrial  wastes. 

Thus,  metallurgical  technologies  of  processing 
industrial  wastes  enable  to  accomplish  the 
following  tasks: 

•  to  withdraw  volatile  matters  from 
different  organic  and  inorganic  compounds; 

•  to  extract  metallic  base  from  sludge, 
containing  deficit  alloying  elements; 

•  to  eliminate  the  influence  of  toxic 
wastes  on  environment  in  places  of  their 
formation. 
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Tables  to  the  abstract  of  the  report  by  V.L.  Naydek,  V.N.  Kostyakov,  E.B.  Poletaev,  S.N.  Chepel 
“Technology  of  Manufacturing  Alloys  from  Industrial  wastes  by  a  Method  of  the  Liquid-Phased 
Reduction  of  Oxides  of  Metals  in  Iron-Carbon  Melt” 


Table  1 .  Types  of  wastes,  yield  of  metallic  base  and  its  chemical  composition. 


Yield  of 

Yield  of  me- 

Chemical  composition,  %  mas.  j 

wastes 

tallic  base,  % 

Si 

Mn 

Cr 

Ni 

Mo 

Nb 

W 

Cu 

s 

p 

I 

Sludge  from  bath  of  electro¬ 
chemical  treatment  of  chromi¬ 
um-nickel  plating 

22-26 

0,53 

0,05 

14,9 

61,2 

1,42 

0,87 

0,55 

- 

- 

- 

l 

Sludge  from  baths  of  copper, 
chromium,  nickel  plating 

12-16 

3,1 

- 

20,8 

35,0 

- 

- 

- 

2,0 

- 

4,6 

3 

Sludge  from  baths  of  copper, 
chromium,  plating 

12-15 

- 

- 

47,3 

- 

- 

- 

- 

1,3 

- 

- 

4 

Positive  electrodes  of  worn 
out  iron-nickel  accumulators 

- 

0,1 

0,22 

20,1 

39,0 

- 

- 

- 

0,4 

- 

- 

5 

Worn-out  nickel-bearing 

catalysts 

- 

2,55 

0,35 

0,16 

n,i 

- 

- 

- 

- 

0,3 

Table  2.  Composition  of  charge  and  chemical  composition  of  melted  alloys 


Alloy 

brand 

Grade  composition 

Chemical  composition,  %  mas. 

C 

Si 

Mn 

Cr 

Ni 

Cu 

i  1 8Cr9Ni 

Alloy  of  sludge  from  baths  of  electro¬ 
chemical  treatment 

Steel3,  FeCr90COl;  FeMn75,  reductant 

1,2 

0,17 

2,46 

17,05 

9,52 

2  9Cr5Ni 

Alloy  of  sludge  from  baths  of  electro¬ 
chemical  treatment  and  copper-chromium 
plating 

Steel3,  FeSi75;  FeMn75,  reductant 

2,0 

0,22 

2,54 

10,03 

6,3 

2,5 

3  1 5Ni07Cu2Cr 

Alloy  of  sludge  from  baths  of  copper- 
nickel-chromium  plating  and  worn-out 
accumulator 

Steel3,  FeSi75;  FeMn75,  reductant 

2,6 

0,33 

2,44 

2,23 

14,3 

0,73 

Table  3.  Types  of  wastes  and  chemical  composition  of  melted  alloys 


Alloy 

Type  of 

Chemical  composition,  %  mas.  S 

wastes 

C 

Si 

Mn 

Cr 

Ni 

Mo 

Nb 

W 

Cu 

s 

P 

1  13N2CrMoCu 

Sludge  from  baths 
of  electrochemical 
treatment,  steel 

scrap 

0,6 

1,3 

0,2 

2,0 

13,0 

0,5 

0,1 

0,3 

0,7 

- 

2  UNi2Cu3P 

Sludge  from  baths 
of  electrochemical 
nickel  plating 

2,27 

0,82 

0,1 

11,2 

- 

- 

- 

0,6 

1,81 

2,52 

3  8NiCu2S2P 

Sludge  from  baths 
of  chemical  nickel- 
'  chromium-zink 
plating 

2,16 

0,87 

0,2 

7,84 

* 

- 

0,3 

1,99 

1,56 
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LIMIT  POWER  CONSUMPTION  OF  MAJOR  FACTORS  OF  ABSORPTION 
OF  HEAT  AT  THERMAL  DESTRUCTION  OF  THE  MATERIAL 


Frolov  G.A. 

Institute  for  Problems  of  Materials  Science  of  National  Academy  of  Science  of  Ukraine 


Undoubtedly,  extreme  conditions  of  a  material  op¬ 
eration  involve  material  application  at  influence  of 
big  thermal  streams.  Here  exist  two  opposite  ap¬ 
proaches:  the  first  consists  in  use  of  concentrated 
streams  of  energy  for  cutting,  weldings,  and  proc¬ 
essings  of  a  material  surface  with  the  purpose  of 
increasing  its  employment  characteristics,  and  the 
second  implies  application  of  a  material,  as  sacrifi¬ 
cial  covering,  for  protection  from  influence  of 
thermal  streams  of  high  density. 


Both  the  first  and  the  second  cases  are  interesting 
in  terms  of  finding  out  which  conditions  of  thermal 
destruction  enable  a  material  to  absorb  a  maximum 
amount  of  heat  being  brought. 


The  equation  of  heat  balance  on  a  surface  of  a  col¬ 
lapsing  material  (1),  which  includes  practically  all 
major  factors  of  absorption  and  dispersion  of  a 
brought  thermal  stream,  shows  that  those  factors 
are:  heat  absorption  by  heat  conductivity  (2),  ra¬ 
diation  from  a  surface  [ecrT* ),  thermal  effect  of 
physical  and  chemical  transformations  on  a  surface 
( AQW )  and  a  blowing  effect 


q0  +  qn  =  eoT*  +  TGXAQW  +  qm 


(1) 


at  X  -»  oo 

=pVmcfiw-T')=pVM*)V> 

dyJ* 

Here  r  -  time  of  heating;  p,  c,  X  -  density,  a 
thermal  capacity  and  heat  conductivity  of  a  mate¬ 
rial;  Vm  -  quasistationary  speed  of  weight  ablation; 
qo .  a  convective  thermal  stream  brought  to  a  sur¬ 
face  with  temperature  Tw;  T0-  temperature  of  a 
cold  material;  qn  -  a  radiant  thermal  stream;  s  -  a 
degree  of  a  surface  blackness;  <7  -  Stephan- 
Boltsman  Constant;  T  -  factor  of  gasification; 
H(TW)-  enthalpy  of  a  material  at  temperature  Tw . 

Absorption  of  heat  by  heat  conductivity  with  use  of 
a  thermal  capacity  of  the  condensed  systems  (cop 
per  and  graphite)  can  happen  only  under  influence 


of  small  thermal  streams  during  a  short  period  of 
time.  Limit  value  of  this  factor  of  heat  absorb-tion 
is  restricted  to  a  material  fusion  tempera¬ 
ture  [1]. 

A  maximal  thermal  stream,  which  can  be  removed 
from  a  surface  due  to  radiation,  can  be  estimated 
based  on  a  graphite  temperature  in  the  triple  point 

(-4200  K)  saT* =18000  kW/m2 

Thermal  streams  influencing  lowered  space  vehi¬ 
cles,  for  example,  to  enter  into  an  atmosphere  of 
planets  with  2-nd  and  higher  space  speeds,  ten  and 
hundred  times  exceed  possibilities  of  such  factors 
of  heat  absorption  as  accumulation  and  radiating 
cooling.  This  involves  application  only  of  either 
porous  cooling  or  cooling  of  a  surface  with  the 
help  of  sacrificial  layer  (ablation  thermal  protac¬ 
tion). 

For  simulation  of  such  heating  conditions,  IPMS 
NASU  developed  installations  which  allow  simu¬ 
lating  not  only  convective  heating  of  a  heat- 
protective  coating,  but  also  joint  influence  of  a  ra¬ 
diation-convective  heating.  Considering  a  complex 
of  installations  of  radiant  heating  with  mirror  con¬ 
centrators  in  diameter  from  1  up  to  5m,  the  ex¬ 
perimental  base  of  IPMS  of  NAS  of  Ukraine  en¬ 
ables  researches  of  both  external  and  internal 
thermal  protection  of  space-rocket  engineering 
products,  including  heat-shielding  coverings  of 
reusable  space  vehicles  [2]. 

Analysis  of  the  experimental  results  on  research  of 
heat  protective  materials  on  these  stands  and  the 
installations  which  have  been  accumulated  over  30 
years,  including  processing  of  the  literary  data, 
allowed  establishing  of  limit  thermal  opportunities 
of  internal  and  surface  processes  of  heat  absorption 
at  interaction  of  materials  with  a  high-temperature 
environment. 

It  has  been  shown,  that  alteration  of  the  total  thick¬ 
ness  of  heated  and  removed  layers  A  can  be  cal¬ 
culated  with  the  formula: 

A* 

and  its  speed  with  the  expression 
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*'  2  VT 

Here  K-  temperature  coefficient;  a-  effective 

thermal  conductivity  coefficient;  -  a  length 

cut  with  a  straight  line  on  the  abscise  axis.  Thus,  it 
was  experimentally  established  that  ’at 

_T'~ro 

U  ~  T  _r  >  *°r  calcu^atior>  K  it  is  neces- 

sary  to  apply  the  expression 


which  at  9  -  1  will  be  transformed  to  the  equation 
of  3-rd  degree  and  the  determines  value 
Kt  *0,74. 

V 


Further  it  was  shown,  that  KT  determines  laws  of 

a  surface  temperature  change,  weight  ablation 
speed,  movement  of  a  temperature  field  isotherms 
and  characterizes  the  moment  the  end  of  non- 
stationary  process  of  heat  absorption  in  a  surface 
layer  of  a  collapsing  material. 

The  temperature  of  a  considered  isotherm 
T  determines  the  lower  border  of  a  heated  layer. 
As  the  temperature  T'  decreases,  the  speed  of  its 
movement  grows.  By  the  moment  of  the  estab¬ 
lishment  of  a  quasistationary  mode  of  heating  rs , 
the  way  covered  by  this  isotherm,  will  be  the  more 
than  less  its  temperature.  At  this  moment  the 
heated  layer  will  reach  the  maximal  thickness,  and 
the  amount  of  accumulated  heat  will  achieve  a 
limit  value.  Further  all  isotherms  of  a  temperature 
field,  which  temperature  are  higher  T'  will  be 
moving  with  a  speed  equaling  Va . 

Calculations  and  experiments  have  shown,  that  at 
the  moment  of  achievement  of  limit  power  con¬ 
sumption  of  internal  processes  of  heat  absorption, 
the  thickness  of  an  ablated  layer  will  be  equal  to 

the  disposition  depth  of  isotherms  0*  practically  all 
over  the  temperature  field.  This  law  functions  up  to 
dimensionless  speed  of  ablation  of  weight 
Gz  <  0,5 


The  received  results  do  not  contradict  numerical 
calculations.  For  example,  a  model  heat  and  abla¬ 
tion  of  weight  from  a  crystal  body  surface,  offered 


by  J-V.Polezhaev  [1],  adequately  confirms  linear¬ 
ity  of  the  experimentally  established  law.  Numeri¬ 
cal  calculations  on  this  model  show,  that  ablation 
of  weight  and  heated  layer  may  vary  under  com¬ 
pletely  various  regulations,  but  their  total  thickness 
during  some  time  ts  ,  which  establishes  an  equal¬ 
ity  of  thickness  of  heated  and  ablated  layers,  with 
good  accuracy  (~5  %)  may  be  described  by  a  linear 
dependence.  However,  these  calculations  allow 
this  conclusion  only  for  isotherms  with  the  dimen¬ 
sionless  temperature  6‘  <  0,1.  The  experimental 
data  confirming  equality  of  thickness  at  the  mo¬ 
ment  rs  even  for  an  isotherm  Q'  =0,6  are  re¬ 
ceived  at  the  same  time.  From  here  follows,  that 
the  process  of  heat  accumulation  in  a  surface  layer 
of  a  material,  determined  by  a  constant  Kr  allows 

a  precise  identification  of  non-stationary  and  sta¬ 
tionary  modes  of  heating  and  ablation  of  weight. 


Further  it  was  established  [3],  that  between  a  con¬ 
stant  KTp,&  material  enthalpy  at  the  boiling  tem¬ 
perature  and  the  evaporation  heat  there  is  an  inter¬ 
relation  such  as: 


H{Tk)  =  3AH{Tk) 


and  for  the  dimensionless  speed  of  evaporation,  the 
equation  is  received 


0,3,  here//  =  2 A Qw, 


from  which  follows  that  a  limit  effective  material 
enthalpy 


yfiji  npH  Ie  »  /H 


Thus,  it  is  now  possible  to  firmly  established  that 
the  limit  power  consumption  of  a  material  thermal 
destruction  process  tends  to  a  value  equal  to  a 
square  root  from  a  product  of  a  stream  enthalpy 
and  the  total  thermal  effect  of  surface  processes. 
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MATERIALS  BEHAVIOR  UNDER  SPACE  SIMULATION  CONDITIONS 

Gavrylov  R.V.,  Eremenko  V.V.,  Pokhyl  Yu.O. 

Special  Research  &  Development  Bureau  for  Cryogenic  Technologies  of  Institute  for  Low 
Temperature  Physics  &  Engineering,  NAS  of  Ukraine  (SR&DB  ILTPE  NASU),  Kharkov,  Ukraine 


The  report  contains  review  of  researches  carried 
out  in  SR&DB  ILTPE  NASU  within  last  decade 
in  the  field  of  crygenic-vacuum  and  space 
material  science,  directed  on  an  establishment  of  a 
nature  of  structural  and  functional  materials 
physical  properties  changes  under  separated  and 
combined  laboratory  simulating.  Space  factors 
influence.  The  aim  of  such  researches  is  the 
definition  of  serviceability  and  durability  of 
materials,  used  in  space  engineering,  in  extreme 
conditions  influence  of  deep  vacuum, 
electromagnetic  radiation  of  the  Sun,  powerful 
flows  of  corpuscular  radiation  in  radiation  belts  of 
the  Earth,  microgravitation,  low  temperatures, 
significant  cyclic  thermomechanical  gradient 
stresses,  magnetic  fields,  high  dynamic  loadings, 
vibrations  and  other  factors.  Each  of  the  listed 
factors  differently  influences  on  changes  of 
mechanical,  optical,  electrical,  thermophysical, 
tribotechnical  and  other  properties  of  materials, 
and  their  resulting  joint  influence  is  not  additive. 

Generally  real  Space  negatively  influences  on 
materials  and  designs  elements  of  space  vehicles, 
resulting  to  essential  degradation  of  their 
operational  characteristics. 

There  are  two  approaches  to  decision  of  a  problem 
of  estimation  and  selection  of  materials,  suitable 
to  use  in  so  specific  conditions.  The  first  consists 
in  regular  investigations  of  materials  complex  of 
physical&mechanical  properties  in  conditions  of 
separated  and  combined  ground  simulation  of 
Space  factors.  The  second  assumes  exhibiting  of 
materials  and  designs  elements  in  open  Space 
conditions  in  real  space  flight  with  the  subsequent 
investigation  of  their  physical  properties.  These 
approaches  are  complementary,  and  in  SR&DB 
ILTPE  the  works  are  carried  out  in  these  both 
directions. 

The  description  of  the  created  laboratory-test  base 
with  specialized  cryogenic,  vacuum  and 
simulating  equipment  for  various  types  of 
researches  in  conditions  of  ground  simulation  of 
major  outer  Space  factors  is  given.  The  following 
set  of  equipment  can  be  attributed  to  unique  types: 


•Complex  system  of  the  equipment  for  research  of 
radiation  stability  of  materials  ensuring  influence 
of  vacuum  (up  to  3x1  (UTa),  extreme  temperatures 
(80...  400K),  ultra-violet  (UV)  radiation,  vacuum 
ultra-violet  (VUV)  radiation,  ultra  soft  X-ray 
(USX)  radiation  (range  of  wave  lengths  A=  1.24- 
250  nm),  flows  of  protons  and  electrons  of  energy 
up  to  200  KeV. 

•Setup  for  test  of  fatigue  strength,  cyclic  crack 
growth  and  wear  resistance  of  materials  at  low 
temperatures  (4.2-300K)  in  cryogenic  liquids 
(nitrogen,  hydrogen,  helium),  vacuum,  any 
gaseous  medium. 

•Series  of  test  cryogenic  machines  for  definition 
of  quasi-static  mechanical  properties  complex  of 
materials  in  4.27300K  temperature  interval  with 
an  opportunity  of  parallel  measurement  of  the 
magnetic  and  electrophysical  object 
characteristics. 

•Low  temperature  impactor  for  impact  tests  of 
materials  in  4,2?300K  temperature  interval. 

•Setup  for  thermocycling  (4.2-500K)  of  samples 
at  constant  load  and  programmed  low-frequency 
force  cycling  in  the  same  interval  of  temperatures. 
•Setup  for  research  of  shape  and  dimensional 
materials  stability  against  gradient  low 
temperature  cyclic  influence. 

•Complex  of  setup  for  definition  of 
thermophysical  characteristics  of  materials  within 
5-300K  temperature  interval. 

•The  structural  methods  of  investigation  such  as 
TEM  and  SEM,  low  temperature  X-rays  analysis 
are  widely  used. 

he  report  is  represent  the  results  of  numerous 
investigations  and  tests  of  space  factors  influence 
on: 

•Fatigue  characteristics  of  strength  and  crack 
growth  resistance  in  vacuum  and  at  low 
temperatures. 

•Tribotechnical  characteristics  changes  for 
solid  lubricant  coatings  under  influence  of  the 
radiating  factors. 

"Behaviour  of  mechanical  properties  of 
structural  materials  under  influence  of  cyclic 
gradient  thermal  stresses. 
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•Processes  of  gassing  out,  surface  state, 
structure  and  optical  characteristics  of  functional 
coatings  in  vacuum  under  influence  of 
temperature,  radiation  and  atomic  oxygen. 

It  is  shown,  that  the  improvement  of  the  fatigue 
characteristics  in  vacuum  is  caused  by  more 
homogeneous  distribution  of  microplastic 
deformation  in  a  superficial  layer  of  metal  owing 
to  change  of  adsorption  conditions  of  oxygen 
atoms  on  juvenil  surfaces  of  slip  steps. 

The  best  materials  from  the  point  of  view  of  low 
temperature  cyclic  crack  propagation  resistance 
are  the  structural  -  stable  alloys  with  FCC-  lattice, 
which  are  characterized  by  increasing  of  crack 
growth  resistance  with  temperature  decreasing 
irrespective  of  a  load  level. 

It  has  appeared,  that  for  solid  lubricant  coatings 
with  organic  bond  the  frictional  durability 
decrease  under  influence  of  VUV  radiation  but  for 
coatings  with  inorganic  bond  is  fixed  significant 
(in  5  times)  increasing  of  frictional  durability. 

It  was  established,  that  purposefully  varying  a 
combination  of  material  structure  and  phase  state 
and  modes  of  cryogenic  thermocycling  treatment 
we  can  obtain  the  material  with  the  optimum 
complex  of  mechanical  properties. 

It  was  shown,  that  the  joint  influence  of  space 
factors  results  also  in  changes  of  surface  structure 
of  functional  coatings  consisting  in  occurrence  of 
a  various  nonhomogeneities  such  as  cracks,  holes, 
roughnesses,  splitting  and  so  on.  Simultaneously 
the  value  of  coatings  integrated  factor  of  radiation 
(factor  of  blackness)  is  increased  also. 

The  found  out  effects  of  deterioration  of  surface 
conditions  and  corresponding  reduction  of 
reflecting  ability  and  increasing  of  blackness 
factor  of  thermoregulating  coatings  are  explained 
by  Coulomb  and  recombination  interaction  of 
protons  and  electrons  saved  in  undersurface  layer. 

The  reasons  of  observed  effects  of  the  space 
factors  influence  from  positions  of  a  structural  - 
phase  state  for  the  investigated  materials  are 
considered. 

The  physical  criteria  by  justified  of  an  estimation 
and  selection  of  characteristic  classes  of  structural 
and  functional  materials,  suitable  for  use  in  severe 
operational  conditions  of  cryogenic  and  space 


technique  are  formulated.  These  criteria  are  based 
on  comprehensive  analysis  of  the  experimentally 
determinated  interrelation  of  a  wide  spectrum  of 
the  factors  (both  external,  and  internal) 
comprising  the  cause-and  effect  sequence 
“history-  structure  phase  state  -  mechanical 
properties  -service  conditions  -  application  ” 

The  data  on  SR&DB  ILTPE  NASU  present-day 
developments  on  creation  of  onboard  research  and 
technological  equipment  and  scientific  programs 
of  space  technological  experiments  in  conditions 
of  real  Space  flight  onboard  of  the  International 
space  station  are  given  also. 
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CHEMICAL  VAPOR  DEPOSITED  POLYCRYSTALLINE  DIAMOND 
FILMS:  PERFORMANCE  AT  ELEVATED  TEMPERATURES 

Ralchenko  V..  Khomich  A.(1),  Ivakin  E.(2),  Sukhodolov  A.(2),  Vlasov  A.,  Salvatori  S.(3) 
General  Physics  Institute,  Moscow,  Russia;  E-mail:  ralchenko@nsc.gpi.ru 
1}  Institute  of  RadioEng.  &  Electronics,  Fryazino,  Russia 
^  Institute  of  Physics,  National  Academy  of  Sciences,  Minsk,  Belarus 
3)  Third  University  of  Rome,  Department  of  Electronics,  Rome,  Italy 


Diamond  is  known  to  possess  a  combination  of 
extreme  physical  properties,  which  make  it  the 
material  of  choice  for  many  advanced  applications. 
Those  properties  include,  in  particular,  highest 
thermal  conductivity  at  room  temperature  among 
other  substances,  record  high  hardness, 
transparency  from  ultraviolet  to  radio  frequency 
range,  ionizing  radiation  “hardness”,  chemical 
inertness,  high  mobility  of  charge  carriers.  Heat 
spreaders  for  electronic  devices  (laser  diodes, 
microwave  transistors),  infrared  optics,  UV,  X-ray 
and  particle  detectors,  and  of  course,  cutting  tools 
are  some  well  established  applications  for  natural 
diamond  crystals.  However,  small  dimensions  and 
high  cost  may  limit  the  practical  use  of  diamond 
single  crystal,  either  natural  or  synthetic  (produced 
at  high  pressures)  ones  in  new  fields. 

In  the  last  decade  a  big  progress  is  achieved  in 
synthesis  of  diamond  at  low  pressure  using  a 
chemical  vapor  deposition  (CVD)  technique  [1]. 
Thin  coatings  and  macroscopic  forms  (wafers)  of 
polycrystalline  diamond  can  be  produced  using 
methane-hydrogen  reaction  gas  decomposed 
thermally  or  in  a  discharge.  As  a  result,  new 
applications  appear  such  as  windows  for  CO2 
lasers  and  high  power  (~1  MW)  gyrotrons, 
protective  diamond  coatings  for  exploitation  of 
optics  in  harsh  environment  (e.g.  against  sand  or 
high-speed  water  droplets),  large  area  stable 
electrodes  in  electrochemistry,  surface  acoustic 
wave  devices,  and  diamond-coated  cutting  tools. 

Currently  diamond  wafers  up  to  75  mm  diameter 
and  up  to  1.8  mm  thickness  are  produced  at  joint 
facilities  of  General  Physics  Institute  RAS  and 
Diagascrown  Co.  using  microwave  CVD  reactors 
(MPCVD)  [2].  The  deposition  proceeds  on  a  Si 
substrate  at  temperatures  of  700-900°C  with  typical 
growth  rate  of  1-5  pm  at  pressures  70-100  Torr. 
The  diamond  films  are  chemically  separated  from 
the  substrate  to  obtain  free-standing  films  and 
plates.  The  material  is  essentially  polycrystalline 
with  arbitrary  oriented  grains  (Fig.l). 


Fig.  1.  A  polycrystalline  diamond  plate  0.2  mm 
thick  laser  cut  from  a  mother  wafer  produced  by 
MWCVD.  The  upper,  growth  surface  shows 
faceted  crystallites  of  20-40  micron  size.  The 
bottom,  nucleation,  side  contains  submicron  grains. 

In  contrast  to  diamond  ceramics  the  CVD  films 
does  not  contain  pores  or  a  binder  material.  The 
main  impurities  are  nitrogen  and  hydrogen  with 
typical  concentration  of  the  order  of  a  few  ppm, 
(N),  and  tens  or  hundreds  ppm  (H),  respectively.  In 
many  respects  the  quality  of  CVD  diamond 
approaches  to  that  of  most  pure  natural  diamonds. 
Here  we  touch  only  one  aspect  of  this  new  material 
-  the  performance  of  polycrystalline  diamond 
exposed  to  elevated  temperatures. 

The  nominally  undoped  and  semiconducting  B- 
doped  diamonds  with  resistivity  of  ~1013  and  10 
Ohm_cm,  respectively,  show  the  thermal 
conductivity  k=16-18  W/cmK  at  20°C.  In  the 
temperature  range  T=20-200°C  value  of  k 
decreases  with  T  down  to  10-12  W/cmK  (Fig.  2), 
yet  the  diamond  remains  to  be  superior  thermal 
conductor,  that  can  be  used  as  heat  spreader  for 
electronic  devices  operated  well  above  R.T. 
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Fig.  2.  Thermal  diffusivity  D  (dotted  lines)  and 
thermal  conductivity  k  (solid  lines)  of  undoped 
(curves  1,3)  and  boron-doped  (curves  2,4)  diamond 
films  [3].  The  data  are  obtained  using  the  laser- 
induced  dynamic  grating  technique. 

As  the  wide  band-gap  semiconductor  (band  gap  5.4 
eV,  fundamental  absorption  edge  225  nm)  the 
diamond  can  be  a  solar-blind  ultraviolet  detector. 
The  spectral  discrimination  (the  ratio  of  the 
photoresponse  at  UV  and  visible  range)  exceeds 
10  [4],  and  this  selectivity  is  preserved  upon 
heating  at  least  up  to  300°C,  with  temperature 
coefficient  of  quantum  yield  around  1%/°C  (Fig.3). 
Diamond  withstands  much  higher  ionization 
radiation  doses  compared  to  silicon,  that’s  why  the 
diamond  detectors  are  of  interest  for  space  research 
and  high  energy  physics.  Typical  temporal 
resolution  is  in  the  range  of  0.2-1  ns.  Because  of 
large  area  films  are  available,  the  position-sensitive 
detectors  (pixelized)  can  be  made. 

CVD  diamond  preserves  its  optical  properties  after 
heating  in  vacuo  up  to  1300°C,  however  a 
darkening  is  observed  after  annealing  to  higher 
temperatures  [5].  In  contrast  to  single  crystal 
diamond  that  shows  a  surface  graphitization 
starting  from  about  1700°C,  an  internal 
graphitization  takes  place  in  CVD  diamond  at 
grain  boundaries  (GB).  The  de-bonding  of 
hydrogen,  which  is  located  mostly  at  GB  and 
extended  defects,  was  studied  at  elevated 
temperatures  using  IR  absorption  spectra.  The 
hydrogen  loss  is  believed  to  trigger  the  internal 
diamond-to  graphite  conversion  process. 


Wavelength  [nm] 

Fig.  3.  Absolute  quantum  yield  of  0.8  mm  thick 
diamond  film  at  different  temperatures  [4], 

It’s  interesting  that  the  thermal  conductivity 
measured  perpendicular  to  the  film  plane  is 
preserved  (within  10%  deviation)  after  annealing 
to  at  least  1500°C,  in  spite  of  the  strong  optical 
degradation  of  the  diamond. 

No  decrease  in  Young  modulus  or  fracture  strength 
was  found  after  such  heat  treatment  [6], 

In  summary,  the  CVD  diamond  becomes  is  the 
emerging  engineering  material  that  can  be 
produced  in  macroscopic  forms  for  performance  in 
extreme  conditions,  and  today  its  unique  properties 
are  still  far  from  being  fully  exploited. 
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Introduction 

In  the  course  of  experimental  investigations 
electro-optical  effects  caused  by  the  presence  of 
solid  particles  in  gas  flow  were  observed  [1]. 
These  factors  can  appreciably  influence  on 
particles  flow,  heat  transfer  and  surface  condition. 

The  electro-optical  phenomena  can  be  caused  by 
different  factors.  In  [2],  the  formation  of  a 
noticeable  charge  on  aircraft  traveling  through 
clouds  was  considered  and  various  accompanying 
electro-optical  effects  were  discussed.  Almost  all 
studies  refer  to  subsonic  gas  flows  with  liquid, 
essentially  polydisperse  drops.  The  polydispersion 
creates  difficulties  in  interpreting  experimental 
results.  Perhaps,  this  is  why  the  situation  in  this 
branch  of  science  has  not  been  considerably 
improved.  However,  as  applied  to  space  flights  to 
the  Mars,  the  problem  of  vehicle  charging  is  very 
important  [3]. 

In  this  report,  we  present  the  results  experimental 
investigation  of  the  charging  of  different  segments 
of  a  sphere  immersed  in  a  supersonic  gas  flow 
with  solid  particles.  The  experiments  were 
performed  in  a  short-duration  wind  tunnel  which 
makes  it  possible  to  obtain  the  results  on  a  wide 
range  of  parameters  with  low  cost.  The  particle 
concentration  in  a  cross  section  of  the  flow  was 
almost  constant  and  the  dispersion  of  particle  size 
was  only  slight. 

We  note  that  for  the  supersonic  flow,  no 
disturbances  penetrate  into  the  region  ahead  of  the 
bow  shock.  Accordingly,  for  the  flow  past  a  body 
the  boundary  conditions  can  be  determined  much 
more  accurate  than  for  subsonic  and  transonic 
flow. 

For  these  investigations,  we  designed  different 
models  with  different  parameters  of  electric 
schemes.  In  the  tests,  the  particle  concentration 
and  inertia  parameter  were  varied. 

Experimental  technique. 

The  experiments  were  performed  in  the  TsAGI 
UT-1  shock  wind  tunnel  [1].  The  tunnel  operated 
in  the  Ludwieg  scheme.  The  high-pressure 
channel  was  12  m  long.  The  Mach  number  of  the 


undisturbed  flow  ahead  of  the  model  was  M«  = 
6.04  with  the  total  pressure  P0  =  23  bar,  stagnation 
temperature  T0  =  600  K,  and  the  Reynolds  number 
based  on  the  ffee-stream  parameters  and  the 
radius  of  curvature  of  the  model  ReOT,R  =  0.2*  106. 
The  duration  of  the  steady  flow  past  the  model 
was  x  =  0.04  s.  The  mean  weight  concentration  of 
the  particles  in  the  air  flow  was  below  n  =  2  %. 

For  introducing  the  particles  into  the  gas  flow,  we 
used  the  “fluidized  bed”  method.. 

The  models  were  spherical.  Copper  probes  5  mm 
in  diameter  and  12  mm  long  were  flush-mounted 
on  the  external  surface  of  the  model.  The  radius  of 
model  Ns  1  was  rw  =  75  mm  and  for  models  Ns  2 
and  Ns  3  rw  =  40  mm.  Each  probe  was  connected 
with  direct-current  amplifier  through  a  load 
resistor  R.  The  resistor  of  each  amplifier  channel 
was  2  MQ.  The  amplifier  coefficient  of  the  signal 
was  determined  before  the  tests,  it  was  varied  on 
the  range  100-  1 5000. 

Model  N®  1  was  designed  for  measuring  the 
potential  on  the  external  surface  of  the  sphere  for 
high  electric  resistance  of  the  circuit.  High-ohm 
resistors  of  the  probes  differed  by  more  than  an 
order  of  magnitude:  RhI  =  680  MQ,  Rh2  —  51 
MQ,  Rh3  =  6.2  MQ.  The  electric  capacitance  of 
the  probes,  including  the  adjoining  electric 
circuits,  was  small:  C  =  3,  7.5,  and  2.6  pF, 
respectively.  The  effect  of  the  electric-circuit 
high-voltage  part  capacitance  on  the  generated 
current  and  potential  can  be  neglected.  To  avoid 
electric  break-down  and  leaking,  the  potential 
divider  mounted  on  the  model  was  covered  by 
paraffin.  The  measuring  under  the  normal 
conditions  (T=298  K,  p=l  bar)  performed  after  the 
wind  tunnel  tests  showed  that  the  electric 
resistance  between  the  probes  of  the  model  was 
greater  than  3  TQ.  We  note  that  in  the  two-phase 
dusted  layer  the  electric  resistance  may  be  much 
lower  than  in  the  pure  air  under  the  normal 
conditions. 

Model  Ns  2  was  designed  for  investigating  the 
influence  of  the  load  resistor  value  on  the  current 
recorded  (Ri=100  'Q  for  the  probe  mounted  at  the 
stagnation  point  of  the  model;  R2=1000  Q  and 
R3=10  'Q  for  the  probes  mounted  at  a  distance 
(p=30°). 
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Model  Ns  3  was  designed  for  investigation  the 
distribution  of  the  electric  current  along  the  sphere 
generatrix  at  a  distance  <p=0,  30°and  30°.  The  load 
resistance  R  of  each  probe  on  this  model  was  R  = 
1 000  IQ. 

We  used  Fe203  and  Fe  particles  with  mean  weight 
diameters  0.37  and  1.2  pm  respectively. 

For  determining  the  temporal  dependence  of  the 
particle  concentration,  we  measured  the  voltage 
difference  U  on  the  load  resistor  likely  [1], 

The  results. 

A  typical  record  of  the  potential  Um  on  the 
loading  resistor  during  the  test  is  presented  in  Fig. 

1 .  The  potential  on  the  external  surface  increases 
with  resistance  and  at  680  MQ  attains  5000  V 


Fig.  1.  Fe203,  Model  1, 

1  -  (p  =  0  at  680  MQ 

2  -  n 

Noticeable  oscillations  of  the  potential  take  place. 
This  indicates  that  considerable  temporal 
variations  of  the  particle  concentration  may  also 
take  place.  For  the  further  analysis  we  performed 
averaging  as  a  rule  over  5  points:  at  each 
measuring  we  took  the  arithmetic  mean  for  this 
instant,  two  preceding  instants,  and  two 
subsequent  instants. 

The  value  of  the  potential  on  the  load  resistor 
makes  it  possible  to  determine  the  main  required 
value,  namely  the  current  density  /  which  is 
generated  by  the  two-phase  flow  (/  -  the  current  in 
the  circuit  per  the  area  of  the  exposed  surface  of 
the  gage  S  =  7i  d2/4  =  1 9- 1  O'6  m2). 


The  distribution  of  current  density  i  in  dependence 
of  the  sphere  central  angle  <f>  is  shown:  at  the 
angular  distance  from  the  stagnation  point  (p  = 
30°,  the  current  density  i  is  greater  than  at  the 
stagnation  point  (Fig.  2). 

The  current  density  /  increases  about  proportional 
to  the  particle  concentration.  For  equal  weight 
concentration,  the  ferric  oxide  generates  greater 
charge  than  pure  Fe.  This  may  be  caused  by 
various  reasons,  e.g.:  smaller  particle  number 
concentration  of  the  Fe  particles. 

1 

0,8 

"e  0,6 
J  0,4 

0,2 

0 

0  10  20  30  40  50  60 

cp,  deg 

Fig.  2  Fe203,  Model  3 

1  -  n  =  0. 1 4  %, 

2  -  n  =  0.8  %, 

3  -  n  =  1.4% 

In  the  pure  gas  flow  (without  particles),  almost  no 
charging  is  observed. 

With  increase  in  the  electric  resistance  of  the 
“probe-ground”  circuit,  the  current  density  /  is 
almost  unchanged  (Fig.  3). 
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Fig.  2.  1  -  <p  =  0,  2  -  cp  =  30°  (R  -  Q) 
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Titanium  alloys  are  a  unique  material  due 
high  strength  to  density  ratio,  excellent 
fatigue  properties  and  low  elastic  modulus, 
accompanied  by  good  resistance  against 
corrosion,  that  makes  it  irreplaceable  for 
many  critical  applications.  Due  to  higher  than 
in  alpha-beta  alloys  amounts  of  beta- 
stabilizing  elements  beta  titanium  alloys  are 
capable  of  being  heat  treated  to  very  high 
strength  through  solid  solutioning  followed  by 
ageing  [1,  2].  High  strength  levels  are 
particularly  attractive  for  an  efficient 
application  of  beta  alloys  in  the  aerospace  and 
automotive  industries  as  materials  for  high- 
loaded  parts  and  structures. 

Important  advantage  of  beta-titanium  alloys 
consists  of  the  possibility  to  employ  cold 
deformation  if  the  alloy  comprises  only 
metastable  beta  phase.  In  the  present  work  the 
cold  workability  of  four  solution-treated  beta- 
titanium  alloys  was  determined  and  related  to 
the  initial  substructure.  Two  alloys 
(TIMETAL®LCB  and  Ti-15-3),  which 
retained  a  well-developed  subgrain  structure 
after  solution  treatment,  exhibited  excellent 
workability,  while  those  alloys  which  did  not 
(VT22  and  TC6)  exhibited  inferior  ductility. 
The  difference  in  workability  was  explained 
in  terms  of  the  variation  in  strain- 
accommodation  mechanism.  Other  factors 
that  exacerbated  the  observed  low  ductility  of 
the  latter  two  alloys  were  also  identified. 
These  included  the  occurrence  of 
deformation-induced  martensite  formation 
and  the  development  of  multi-component 
textures,  both  of  which  may  lead  to 
localization  of  deformation  at  grain 
boundaries  and  intergranular  failure. 


Cold  worked  material  often  requires 
intermediate  and/or  final  annealing  and 
ageing  to  eliminate  cold  work  and  restore 
ductility  as  well  as  to  receive  fine  grained  beta 
structure  before  final  ageing.  Most  promising 
approach  to  receive  such  fine  -grained 
condition  is  rapid  annealing  processes  lasting 
seconds,  which  allow  to  unite  heat  treatment 
in  line  with  the  rolling  operation.  However, 
the  development  of  such  an  approach  requires 
detailed  investigations  because  continuous 
heating  of  solid  solutioned  and  subsequently 
cold  rolled  beta  phase  entails  very 
complicated  phase  and  microstructural 
transformations.  In  present  study  precipitation 
and  recrystallization  behaviour  during  the 
continuous  heat  treatment  of  above  mentioned 
beta-titanium  alloys  with  various 
molybdenum  equivalents  was  established. 
Following  solution  treatment,  the  materials 
were  cold  deformed  to  various  reductions  and 
then  heated  at  rates  between  0.17  and  50  Ks 
to  peak  temperatures  below  and  above  the 
beta-transus  temperature.  Precipitation  below 
the  transus  was  most  rapid  for  the  alloy  with 
the  least  amount  of  beta  stabilizing  elements 
(VT22)  and  next  fastest  for  the  most-highly 
alloyed  material  (TIMET AL®LCB),  an  effect 
ascribed  to  its  large  iron  content.  Reduction 
level  was  found  to  have  a  very  strong 
influence  on  the  uniformity  of 
recrystallization  and  the  recrystallized  grain 
size.  Because  of  the  competition  between 
precipitation  and  the  temperature-dependence 
of  recrystallization  nucleation  and  growth,  the 
heating-rate  dependence  of  the 
recrystallization  temperature  for  the  beta- 
titanium  alloys  was  weak. 
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Influence  of  such  thermomechanical  +  rapid 
heat  treatment  on  the  balance  of  titanium  beta 
alloys  mechanical  properties  was  studied 
taking  as  an  example  TIMET AL®LCB.  It 
was  shown  earlier,  that  strength  level  of 
1300-^-1350  MPa  can  be  obtained  with  beta- 
grain  size  of  about  50  pm  easily  attained  by 
RHT  of  alloys  thermomechanically  processed 
in  alpha+beta  field  [3].  Further  increase  in 
strength  requires  beta-grain  size  to  be  smaller 
than  50  pm,  what  can  be  achieved  by  RHT  of 
alloys  carefully  processed  in  single-phase 
beta  field.  Material  was  solution  treated 
either  in  a  furnace  at  820°C,  0.5  h  (p-grain 
size  90  pm)  or  by  rapid  heating  (p-grain  size 
20  pm),  both  followed  by  WQ.  Following  the 
solid  solution  treatment,  the  materials  were 
cold  drawn  with  a  total  reduction  of  either 
50%  or  70%.  Cold  drawn  materials  were  then 


rapidly  heated  (20  Ks'1)  to  produce 

recrystallization,  water  quenched  from  peak 
temperatures  and  finally  aged  at  different 
temperatures.  Results  of  tensile  tests  are 
listed  in  the  Table.  It  is  clear  that  aged 
material  had  an  attractive  combination  of 
strength  and  ductility  after  the  grain 
refinement  to  30  pm  achieved  by  cold 
deformation  and  RRA.  The  finest  grain  size 
achieved  was  7  pm.  The  strength  values  of  or 
in  excess  of  1600  MPa  are  the  result  of  the 
high  density  of  fine  a  precipitates  produced 
by  low-temperature  ageing.  The 
improvement  in  ductility  may  be  attributed  to 
the  fine  and  very  uniform  P-grain 
microstructure.  This  represents  a  significant 
overall  improvement  in  strength/ductility 
balance  achieved  in  this  alloy. 


Table  1;  Mechanical  properties  of  TIMET AL®-LCB  coil  material  in  cold 


drawn/recrystallized  conditions. 


## 

Solid 

solution 

Reduc¬ 

tion 

P-grain 
size,  pm 

Ageing 

YS, 

MPa 

UTS,  MPa 

As, 

% 

RA,% 

1 

Furnace 

50 

30 

538  °C,  8h 

1395 

1425 

r6.8 

24 

2 

RH 

50 

12 

538  °C,  8h 

1420 

1470 

8.2 

22.5 

3 

RH 

70 

7 

538  UC,  8h 

1475 

1490 

10.3 

25.5 

4 

c 

RH 

70 

7 

r520°C, 8h 

1600 

1625 

6.0 

20.0 

5 

RH 

70 

7 

500  °C,  8h 

1615 

1690 

4.2 

13.5 
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TEXHOJIOrHH  HCAPOIIPOHHblX  YrJIEPOA  - 
yrJIEKAPBHAKPEMHHEBblX  K0MII03HIi;H0HHbIX  MATEPHAJIOB 


Kocthkob  Ba-nepHH.,  HepHemco  Hmcojiaft 

<Dryn  «HHHrpa<|>HT»,  MocKBa,  Poccha 


Pa3pa6oTaHa  TexHOJiorHH  acaponpoHHbix 
>Kap0CT0HKHX  KOMno3HUHOHHbix  MaTepnajioB  Ha 
ocHOBe  yr^eKap6H,aKpeMHHeBOH  MaTpmjw, 
apMHpOBaHHOH  yrJiepO^HblMH  BOJIOKHaMH. 
ripouecc  noJiyneHHK  KOMno3HTa  peajiH3yeTCH  npn 
nocjie^oBaTejibHOM  TepMoxHMHHecKOM  nepe^ejie 
noJiHMepHofl  KOKCOo6pa3yiomeH  MaTpHijbi 
HexoAHoro  yr^enjiacTHKa  b  yrnepoAHCTyio 
MaTpHUy  C  OTKpbITOH  nOpHCTOH  CTpyKTypOH 
TpaHcnopTHoro  THna,  KOTOpan,  b  cboio  onepeAb, 
npeBpamaeTca  b  yrjieKap6HAKpeMHHeByio 
MaTpnuy  nyreM  KanHjLnnpHOH  nponnTKH  hchakhm 
KpeMHHeM  h  KOHBepcHH  yrnepoAa  b  Kap6HA 
KpeMHHB.  JX JIH  npe.aOTBpameHHB  B3aHMOA6HCTBHH 
KHAKoro  KpeMHHH  c  apMHpyiomHM  ymepo^HbiM 
BOJIOKHOM  Ha  BHyTpeHHIOK)  nOBepXHOCTb 
ymepoA-yniepoAHOH  npecj)opMbi  HaHOCHTCH 
Kap6HAKpeMHHeBaa  njieHKa  -  ^HtJxfjyaHOHHbiH 
Gapbep  npOTHB  AH({)<f)y3HH  yrnepoAa  b  hchakhh 
KpeMHHH,  KOTopbiH  oSecneHHBaeT  ceneKTHBHOCTb 
B3aHMOAOHCTBHH  }KHAKOrO  KpeMHHH  C 
KOMnoHeHTaMH  yrnepoA-yrnepoAHOH  npe(j)opMbi 
nyTeM  BapbHpoBaHHH  hx  xhmhhcckoh 

aKTHBHOCTH. 

JJjih  o6beMHoro  HacbimeHHH  yrjiepo^HCTOH 
MatpHUbi  yrjiepoA-yrjrepo^HOH  npe(j>opMbi 


5KHAKHM  KpeMHHeM,  npe^OHCCH  HOBblH  npHHUHfl 

h  pa3pa6oTaH  Ha  ero  ochobc  TexHonorHHecKHH 
npouecc  noJiyneHHH  ymepoAHCTOH  MaTpnubi, 
nopHCTan  CTpyKTypa  kotopoh  xapaKTepH3yeTca 
npeo6jiaAaHHeM  otkpbitoh  nopncTocTH 
TpaHcnopTHoro  THna.  Ilpn  3tom  nnpojiH3y 
noABepraeTCH  cMeceBan  KOKcoo6pa3yK>maH 
MaTpnua,  npeACTaBjiHiomaH  co6oh 

B3aHMonpoHHKaiomHe  nojiHMepHbie  ceTKH  ee 
KOMnOHeHTOB,  XOTH  6bl  OAHH  H3  KOTOpbIX  npH 
Kap6oHH3auHH  ra3H(j)HUHpyeTCH  6e3 

B03HHKH0BeHHH  yrnepoAHoro  ocTaTKa,  o6pa3yn  b 
4>opMHpyiomeHCH  yrnepoAHOH  MaTpHue 
coo6maK>mHecH  KaHanbHbie  nopbi  oTKpbiToro 
THna. 

riojiynaeMbiH  no  AaHHofi  TexHoaornn 
KOHCTpyKUHOHHbiH  ymepoA- 

yrjreKapSHAKpeMHHeBbiH  KOMno3HUHOHHbiH 

MaTepnaji  o6;iaAaeT  BbicoKHMH  <|)H3hko- 
MeXaHHHeCKHMH  xapaKTCpHCTHKaM  H  B 

OKHCJiHTeAbHOH  cpeAe  ao  TeMnepaTypbi  1700  C, 
npn  KOTOpoft  ero  ncaponponHOCTb  b  1,5  pa3a 
npeBbimaeT  cooTBeTCTByiomHe  noKa3aTejiH  npn 
KOMHaTHOH  TeMnepaiype. 
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LARGE  YBa2Cu307  d  BULK  MELT  TEXTURED  HIGH  TEMPERATURE 
SUPERCONDUCTOR  MATERIALS  FOR  POWER  APPLICATIONS 

Gawalek  W.,  Habisreuther  T.,  Zeisberger  M.,  Litzkendorf  D.,  Surzhenko  O.,  Kracunovska  S., 
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The  dicovery  of  a  new  class  of  oxide-based 
superconductors  by  Paul  Chu  and  his 
collaborators  in  early  1987  with  Tc  above  the 
boiling  point  of  liquid  nitrogen  opened  a  new 
frontier  for  superconducting  applications. 
Although  the  dissipationless  current  flow  in 
superconductors  is  applied  in  many  applications, 
the  interaction  of  a  superconductor  with  a  magnet 
is  also  attractive  for  various  practical  applications, 
like  magnetic  levitation  systems  as  ffictionless 
and  selfstabilising  bearings  for  high  speed  or  high 
load  rotors  and  non  contacting  transport  systems 
(MAGLEV). 

Because  of  its  unique  magnetic  properties  melt 
textured  especially  single  domain  YBa2Cu307.d 
(YBCO)  bulk  HTS  (High  Temperature 
Superconductor)  material  has  a  large  potential  for 
MAGLEV  and  energy  technique  applications.  Its 
material  quality  is  nearing  commercial  demands  in 
the  superconductor  industry.  YBa2Cu307.<i  bulk 
HTS  was  tested  successful  in  circular  and  linear 
superconducting  magnetic  bearings  (fly  wheels 
for  the  energy  technique  and  MAGLEV 
transportation)  as  well  as  in  electric  motors  and 
generators  (hysteresis  machines,  reluctance 
machines  and  trapped  field  machines). 

The  magnetic  material  quality  is  given  by  the 
ability  to  store  magnetic  energy  in  supercurrent 
loops.  It  is  measured  by  the  current  load  as 
product  of  critical  current  density  jc  and  smallest 
diameter  of  superconducting  current  loop  d  in  a 
single  domain.  In  a  type  II  superconductor,  the 
total  magnetic  moment  is  given  by  m=VAjcd  (V: 
superconducting  volume  fraction,  A:  geometrical 
factor)  Because  the  perovskite  lattice  of  the 
YBa2Cu307.d  material  is  strong  anisotropic,  we 
have  to  look  on  the  current  flow  in  the  ab-planes. 
The  levitation  force  depends  on  the  gradient  of  the 
magnetic  field  imposed  by  the  lecitated  magnet 
and  the  total  magnetic  moment  m  of  the 
superconductor.  However,  it  is  important  to  note, 


that  between  trapped  field  mapping  results  and 
levitation  force  results  exists  no  simple  relation  in 
macroscopic  disturbed  material  domains. 

In  small  samples  critical  current  densities  up  to 
105  A/cm2  @  77  K  are  measured  by  vibration 
sample  magnetometry.  But  there  are  indications  of 
reduced  critical  current  densities  over  full  sample 
dimension  also  in  single  domain  samples,  caused 
by  macroscopic  inhomogeneities  in  thickness,  as 
well  as  subgrain  boundaries  and  cracks  in  lateral 
direction.  Additionally,  we  have  a  typically 
growth  induced  sector  structure 

Because  the  critical  current  density  seems  to  be 
limited  to  about  105  A/cm2  for  YBCO  @  77  K,  the 
size  of  weak  link  and  crack  free  regions  (perfect 
domains)  should  be  increased  in  order  to  increase 
the  energy  product.  There  are  three  ways  to  solve 
this  problem: 

1.  better  understanding  and  control  of  the  melt 
textured  growth  process,  in  order  to  avoid  small 
angle  grain  boundaries  acting  as  weak  links. 

2.  multi  seeding  in  the  top  seeded  process,  and 

3.  superconducting  joining  of  single  domains  in 
ab-direction. 

In  general  the  macroscopic  growth  sector  structure 
of  melt  textured  blocks  has  to  be  considered  by 
using  the  material  for  magnetic  applications. 
Growth  structure  related  magnetic  hard  and  soft 
regions  influence  the  penetration  of  magnetic  flux. 

We  produce  YBCO  material  blocks  in  different 
shape  in  a  batch  process  and  compose 
cryomagnetic  function  elements  for  bearings  and 
electric  machines  by  cutting  and  bonding 
crystallographic  oriented  parts  of  sinlge  domain 
blocks. 

Safe  passivation  of  function  elements  has  to  be 
solved. 


31 


High  power  density  electric  reluctance  motors 
with  output  power  up  to  38  kW  are  constructed 
and  successful  tested  in  OSWALD  Electromotors 
Company  Miltenberg/Germany  and  MAI 
Moscow.  Now,  machines  with  output  power  of 
about  200  kW  are  under  construction.  A  flywheel 
with  850  Wh  kinetic  energy  storage  capacity  at 
10  kW  power  was  constructed  in  frame  of  an 
European  project  and  a  2  MW  power  fly  wheel  for 
local  energy  tuning  has  been  concepted  in  the 
DYNASTORE  project  in  Germany. 

For  MAGLEV  large  scale  application  the 
economic  permanent  magnetic  rail  construction  is 
an  open  problem.  Also  effective  cryocoolers  for 
MAGLEV  and  energy  technique  applications 
have  to  be  developed. 

Safe  passivation  of  function  elements  has  to  be 
solved.  At  the  time  the  step  from  material 
development  to  system  development  has  to  be 
made. 
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FORECAST  OF  CARRYING  POWER  OF  CERAMIC  SHELLS 

Railvan  V.S.,  Rusin  M.Yu.,  Reznik  S.V.(1),  Gratsiansky  Yu.A. 

Federal  State  Unitary  Enterprise  “Obninsk  Research  and  Production  Enterprise 
“TECHNOLOGIYA”,  Obninsk,  Russia 
0)Bauman  Moscow  State  Technical  University 


The  passive  methods  of  the  study  with  workability 
selected  check  by  destructive  methods  are  used  as 
a  basis  of  the  existing  system  of  ground  tests  of 
flight  vehicle  ceramic  components.  Such  approach 
conformed  to  the  general  level  of  technique 
development  in  70-ties  and  80-ties,  particularly  to 
the  development  level  of  measuring-information 
and  computer  technique.  Over  the  past  few  decades 
the  qualitative  leap  in  these  industries  took  place 
which  made  it  possible  to  modify  essentially  the 
system  of  ground  tests  of  missile  head  components 
from  non-metallic  materials. 

In  the  present  work  the  methods  for  improving  the 
existing  system  of  ground  tests  of  fairing  from 
non-metallic  materials  on  the  base  of  complex 
approach  have  been  substantiated. 

It  is  known  that  the  every  stage  of  ground  tests 
consists  of  two  parts: 

-  reproduction  of  necessary  action  on  the  fairing 
being  tested; 

determination  of  the  response  of  fairing  being 
tested  to  the  appropriate  action. 

At  present  time  the  normative  documents,  as  a  rule, 
determine  only  the  complex  of  physical  factors 
which  is  obligatory  in  the  ground  tests.  The 
reproduction  of  this  complex  is  necessary  (but  not 
sufficient)  condition  for  guarantee  of  the 
workability  of  the  flight  vehicle  component. 


On  the  basis  of  generalization  of  experience 
gathered  it  was  demonstrated  that  the  transition  of 
ceramic  shell  ground  test  system  to  a  qualitatively 
new  level  would  be  possible  with  harmonious 
development  of  the  methods  and  means  of  action 
and  the  methods  and  means  of  determining  the 
response  of  the  structure  being  tested. 

The  possibility  of  scanning  the  power  load  in  the 
arbitrary  direction  and  the  methods  for  registering 
the  deformation  fields  by  limited  number  of 
sensors  have  been  substantiated  theoretically  and 
by  experiment.  The  method  for  forecasting  the 
carrying  power  of  ceramic  fairing,  the  alternative 
methods  for  reproducing  the  mechanical 
interaction  between  the  frame  and  the  ceramic 
shell  by  means  of  heat  action  without  structure 
disintegration,  the  possibility  of  estimating  the 
dynamics  of  interaction  between  ceramic  shell  and 
metallic  frame  by  use  of  displacement  sensors  have 
been  substantiated. 

The  peculiarities  of  the  improve  system  in 
comparison  with  the  existing  one: 

-  possession  of  the  functions  of  forecasting  the 
carrying  power  at  low  loads  (not  more  than 
one-half  the  operating  load); 

-  identify  of  evaluation  of  the  stressed-strained 
state  of  the  ceramic  articles  on  all  test  stage; 

-  widened  temperature  range  of  evaluation  of  the 
stressed-strained  state. 
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GRAPHITE  AND  CARBON-CARBON  COMPOSITES  AS  MATRICES  AND 
CLADDINGS  OF  STRUCTURES  FOR  CONFINEMENT  AND  STORING  OF 
HIGH-LEVEL  RADIOACTIVE  WASTES 

Gurin  Vycheslav,  Gurin  Igor,  Zadvorny  Arnold,  Kantsedal  Valery,  and  Suchareva  Tatyana 

National  Science  Center  “Kharkov  Institute  of  Physics  &  Technology”,  Kharkov,  Ukraine 


Utilization  of  radioactive  wastes  (RAW)  and  their 
immobilization  for  further  safe  storing  and/or 
disposal  are  the  important  stages  of  the  nuclear 
fuel  cycIe.The  RAW  immobilization  means  RAW 
transformation  into  another  form  using  the 
solidification,  incorporating  into  the  matrix  or 
encapsulating  into  the  cladding. 

The  main  role  of  the  matrix  or  the  cladding  of 
RAW  consists  in  confinement  and  retention  of  the 
yield  rate  of  RAW  radionuclides  at  a  level 
determined  by  the  slow  cladding  destruction. 

Requirements  for  matrix  materials  are  as  follows 
[1].  A  matrix  must  have: 

•  unchangeable  propeties  under  conditions  of 
disposal 

•  high  mechanical  strength,  proper  elasticity 
and  hardness 

•  low  solubility  in  cold  and  hot  water 

•  sufficiently  high  radiation  resistance 

•  good  heat  conduction 

•  acceptable  cost 

•  life  time  of  the  matrix  or  the  cladding  should 
be  maximally  long  (hundreds  -  thousands  of 
years). 

Using  the  INIS  Database  (since  1972  up  to  the 
present  day)  and  the  site  of  papers  on  this 
problems  [2]  we  have  analyzed  the  composition  of 
matrices  and  claddings  for  RAW  (more  than  600 
papers). 

As  a  RAW  matrices  one  use  different  materials: 
glasses,  bitumens,  cements,  concretes,  synthetic 
organics,  ceramics  of  a  different  compositions, 
clays,  glass-like  and  mineral-like  matrices 
(phosphate  and  borosilicate  glasses,  compositions 
based  on  perovskites,  borobasalts  and  garnets). 
One  uses  crystalline  materials  of  different  types: 
based  on  zirconates,  titanates,  phosphates, 
silicates,  including  the  analogues  of  natural 
materials. 


methods  of  solidification:  induction  melting  in  a 
cold  crucible,  vitrification  by  microwave  heating, 
fusion-crystallization,  solid-phase  reactions, 
pressing. 

A  particular  attention  is  given  to  the  problem 
related  with  immobilization  of  excess  amounts  of 
weapon  plutonium  with  the  aim  to  prevent  its 
propagation  [3]. 

The  study  of  available  papers  has  convinced  us 
that  up  to  now  one  did  not  use  a  promizing 
material  for  matrices  and  claddings  of  RAW, 
namely,  graphite  and  carbon-carbon  composites. 

Graphite  is  widely  used  in  high-temperature  gas- 
cooled  reactors  (HTGCR)  with  a  helium  coolant 
as  a  structural  core  mterial  and  as  a  neutron 
moderator  as  well  as  a  component  of  a  matrix 
composition  for  dispersive  uranium-graphite  fuel 
elements  [4,5].  Spherical  fuel  particles  having 
several  protective  covers  of  pyrocarbon  with  a 
different  density,  and  of  silicon  carbide  (micro¬ 
fuel  elements)  are  homogeneously  distributed  in 
fuel  elements  of  a  tubular  or  spherical  shape.  A 
cladding  of  the  tube  or  the  sphere  is  made  of 
graphite.  This  construction  of  the  fuel  element 
assures  a  confinement  of  solid  and  gaseous  fission 
products  (GFP)  in  the  fuel  element  volume.  The 
HTGCR  fuel  is  efficient  up  to  1500°C  and  above, 
the  radiation  resistance  is  remained  up  to  a  fluence 
of  2.10  "n/cm2,  a  bum-up  is  permitted  up  to  30% 
without  particle  destruction  [6],  Spherical  fuel 
elements,  according  to  specifications,  possess  an 
impact  strength  assuring  that  they  be  intact  when 
falling  multiply  (up  to  103  times)  from  a  height  of 
4  m  onto  the  spherical  filling.  They  have  a  high 
wear  resistance  because  under  operating 
conditions  they  are  moving  constantly  through  the 
core.  Fule  elements  have  a  high  heat  conduction. 
At  a  temperature  of  1 100-1350°C  and  a  bum-up  to 
32%  the  fuel  element  GFP  yield  was  10'6  - 10  5. 

Spherical  fuel  elements  were  used  in  the  15  MW 
reactor  AVR(Germany)  operating  at  a  coolant 
(helium)  temperature  of  950°C.  The  helium 
activity  was  several  hundreds  of  curies  that  was 


One  develops  and  studies  different  technological 
schemes  of  waste  management  using  the  advanced 
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conditioned  not  only  by  the  presence  of  defective 
fuel  elements  but  also  by  the  polution  with 
uranium  of  the  fuel  element  casing  in  the  process 
of  manufacturing. 

At  NSC  KIPT  the  research  works  on  spherical 
fuel  elements  become  since  1963.  They  were 
conducted  for  the  complete  cycle  of  investigations 
in  conformity  with  requirements  of  the  technical 
task.  Details  are  described  in  [6].  The  recent  paper 
on  studying  the  radiation  resistance  of  GSP 
graphite  (NNC  KIPT  developments)  is  published 
(see  Ref.  [7]). 

Furthermore,  since  1980  at  NSC  KIPT  developed 
is  a  gasostatic  method  of  RAW  compacting  at 
pressures  up  to  6  thousands  of  atmospheres  and 
temperatures  up  to  2000°C  [8-9]. 

Proceeding  from  the  foregoing  it  can  be 
concluded  that  the  matrix  and  the  cladding  of 
graphite  and  carbon-carbon  materials  meets  all  the 
requirements  to  materials  used  for  RAW 
confinement. 
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As  it  was  mentioned  earlier  [1,2]  the  volume  of 
graphite  usage  is  commensurable  with  the  volume 
of  all  metals  usage.  Unfortunately  Ukraine  doesn’t 
have  a  high  quality  industrial  graphite  production. 
For  example  there  was  stopped  the  production  of 
graphite  of  MPG-6,  MPG-7  marks  due  to  the  lack 
of  the  petroleum  coke  of  KNPS  mark.  [3], 

The  works  on  improvement  of  the  industrial 
graphite  as  well  as  the  works  on  creation  of  a  new 
graphite,  carbon  and  carbon/carbon  composite 
materials  with  a  high  consumer  properties 
(mechanical  strength,  density,  and  etc.)  are  carried 
out  in  NSC  KIPT.  One  of  the  ways  of  industrial 
graphite  improvement  is  its  densification  by  the 
pyrocarbon  using  thermal  gradient  gasphase 
methods  and  equipment  of  the  NSC  KIPT  [5], 

We  have  chosen  the  most  used  marks  of  the 
industrial  graphite  that  are  produced  till  the 
present  day  for  the  experiments. 

Graphite  EG-0.  It  is  an  electrode  graphite  with 
the  grains  up  to  several  millimeters.  EG-0  graphite 
is  a  well  graphitized  material  with  a  low  specific 
electro  resistance  (8-10  mOhmm).  It  is  produced 
in  Ukraine.  Its  density  is  -1.6  g/ccm,  open 
porosity  -  20-25  %.  The  dimensions  of  the 
produced  blocks  allow  producing  items  just 
without  limitation  to  a  size. 

Graphite  MG.  It  is  a  small  grain  material.  It  has  a 
rather  high  density  —1.65  g/ccm  and  mechanical 
strength.  Its  specific  electro  resistance  is  about  15 
mOhmm.  The  open  porosity  of  graphite  MG  is 
~18  %■  It  is  produced  in  a  form  of  blocks  with  the 
diameter  300  mm  and  height  300  mm.  Performs 
are  produced  by  the  method  of  pressing  out 
through  the  neck. 

So  we  have  chosen  the  most  demonstrative  cases: 
a  small  grain  and  small  pores  material  and  large 
grain  material  with  large  pores.  The  samples  for 
densification  were  produced  in  a  form  of  the  tubes 
with  the  diameter  32x52  mm  and  length  -200 
mm.  The  dimensions  and  form  of  the  samples 
were  chosen  to  allow  producing  the  items  with  the 
minimum  overdimensions. 


Graphite  densification  was  carried  out  using 
thermal  gradient  gas  phase  methods  worked  out  in 
NSC  KIPT  [4-6], 

Material  density,  open  porosity  and  mechanical 
strength  of  the  final  products  and  samples  were 
tested  after  densification. 

The  density  was  tested  using  the  method  of  a 
hydrostatic  weighting  in  water.  The  porosity  was 
tested  by  boiling  in  water.  Materials  properties 
after  densification  are  given  in  table  1 . 

The  data  on  the  density  and  open  porosity  of  the 
samples  from  a  high  quality  industrial  graphite 
MPG-7  (MPG-6)  are  given  for  comparison. 

The  mechanical  strength  (cC0mp)  definition  was 
carried  out  on  a  tearing  machine  P05.  The  samples 
with  the  diameter  8  mm  and  height  16  mm  were 
prepared.  The  samples  were  cut  in  two  directions 
-  along  and  perpendicular  to  the  tube  axis.  Not 
less  than  9  samples  were  tested.  To  test  the 
method  the  strength  of  the  samples  from  the 
industrial  graphite  without  densification  was 
determined. 

The  average  data  on  the  mechanical  strength  of 
the  industrial  graphite  and  graphite  after 
densification  by  the  pyrocarbon  is  given  in  table 


The  results  of  compression  strength  for  the 
samples  from  MPG-7  are  given  for  comparison 

As  one  can  see  from  the  offered  tables 
densification  by  the  pyrocarbon  allows  improving 
the  consumer  properties  of  the  industrial  graphite. 

In  addition  to  the  density  increasing  and  open 
porosity  decreasing  graphite  after  densification 
has  the  expanded  oxidation  resistance  at  high 
temperatures  ( 1 000  -2600  °C). 

Unfortunately,  we  have  not  yet  completed  series 
of  experiments  on  materials  resistance  to 
oxidation  at  high  temperatures  on  an  air 
definition,  however,  on  our  preliminary  data,  the 
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resistance  of  materials  to  oxidation  after 
densification  by  the  pyrocarbon  is  increased  in  2-3 
times.  As  one  can  see  from  the  table  2  the 
mechanical  strength  of  materials  is  increased  more 
than  in  2  times. 


So  according  to  our  research  densification  of  the 
industrial  graphite  be  the  pyrocarbon  allows  using 
them  instead  the  graphite  materials  of  a  higher 
class.  It  is  especially  important  for  Ukraine  taking 
into  account  that  “Ukrainian  Graphite”  -  the 
largest  manufacturer  of  the  industrial  graphite  in 
Ukraine  -  produces  only  electrode  graphite  [7]. 


Tabl.  1. 


Materials  properties  after  densification. 


Material 

Average  density,  g/ccm. 

Average  open  porosity,  % 

MG 

1,87 

8,2 

EG-0 

1,78 

11,3 

"  MPG-7 

1,65-1,8 

24-15 

Tabl.  2 


Compression  strength  of  materials  before  and  after  the  densification. 


^  - 

Material 

Compression  strength 

MPa  I 

Kg/cm 

Industrial  graphite 

EG-0 

19,8 

201,6 

MG 

37,9 

386,9 

MPG-7* 

■  118,6 

^  1209,5 

Graphite  after  densification 

EG-0 

45,9 

467,7 

MG 

87,2 

889,2 

♦  Note:  due  to  a  high  mechanical  strength  of  MPG-7  the  samples  dimensions  were  decreased  up  to 


diameter  5  mm,  height  -  10  mm. 
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Institute  of  Nuclear  Physics  of  National  Nuclear  Center,  Almaty,  Kazakhstan 


The  progress  in  present-day  techniques  demands 
the  construction  of  novel  materials  operating 
under  extreme  conditions:  high  temperatures, 
intensive  mechanical  loads,  aggressive  and 
contacting  environments.  Development  of 
radiation  resistant  construction  materials,  which 
will  be  maintained  in  conditions  of  high 
temperatures,  aggressive  environments  and 
intensive  irradiation,  becomes  urgent  in 
connection  with  development  of  the  fourth 
generation  nuclear  power  reactors.  Because  of 
various  requirement  to  surface  and  volume 
properties  the  employment  of  traditional 
technologies  of  production  of  the  material  with 
depth-homogeneous  composition  and  structure  are 
not  perspective.  For  instance,  a  great  amount  of 
chromium  atoms  (5-10  at.%)  are  to  be  introduced 
into  the  high-temperature  (y-y')  nickel  superalloys 
to  provide  heat-resistance,  however,  their  high- 
temperature  strength  and  durability  decreased  in 
this  case.  The  creation  of  protective  coatings  on 
industrial  materials  was  the  next  stage  in 
technology  development.  Nowadays  the  progress 
in  the  production  of  high-qualitative  coatings  is 
associated  with  ion-beam  technologies  (ion 
implantation,  ion-plasma  deposition  and  others). 
In  the  present  report  the  common  approach  to 
development  of  stable  multilayers  metallic 
systems  are  given.  The  results  on  development 
stable  at  high  temperatures  of  metal  systems  are 
illustrated  on  an  example  of  systems  on  the  basis 
of  iron:  iron  with  coatings  from  beryllium,  from 
aluminum,  from  tin  and  steel  with  beryllium 
coatings. 

Physical  bases  of  ion-beam  technologies  of 
stable  multilayer  metallic  material  production 

Previously  we  have  proposed  a  thermodynamical 
approach  to  solve  a  problem  of  chemical 
compatibility  of  heat-resistant  coatings  with  a 
high-temperature  substrate  [1],  The  main  idea  of 
this  approach  consists  in  the  determination  of 
compositions  and  phase-structural  states  for  a 
substrate  and  a  coating  that  provide  zero-gradients 
of  chemical  potentials  for  all  components  of  an 
alloy  at  a  given  temperature.  The  following 
illustration  will  make  this  clear.  A  schematic 


phase  diagram  of  an  alloy  A-B  is  represented  in 
Fig.  la. 


Fig.  1.  Schematic  phase  diagram  of  alloy  A-B  (a) 
and  thermodynamically  equilibrium  depth- 
distribution  of  phases  and  component  composition 
at  temperature  T0  (b). 

Suppose  that  this  alloy  is  exploited  at  temperature 
To  ,  which  corresponds  to  two  equilibrium  phases 
with  various  phase-structural  states  y  and  a  and 
chemical  concentrations  (CA  and  CB).  Then 
creating  the  surface  with  the  structure  of  the  cx- 
phase  and  chemical  composition  CB  on  the  matrix 
with  y-phase  structure  and  chemical  composition 
CA  we  will  obtain  thermodynamically  equilibrium 
two-layer  system,  where  alloy  component 
diffusion  is  absent  (see  Fig.  lb).  Ion  technology, 
as  active  method  for  formation  of  surface  layers 
with  high  adhesion  and  the  required  chemical 
composition  permit  to  realize  this  idea  in 
principle.  In  contrast  to  the  traditional  methods  of 
chemical  heat  treatment  the  presence  of  a  two- 
phase  intermediate  region  (a+y)  in  ion-implanted 
layers  can  provide  not  only  chemical 
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compatibility  between  coating  and  matrix  but  also 
physical  compatibility.  The  proposed  technology 
for  the  production  of  multilayer  many-functional 
metallic  materials  consists  of  the  following  stages: 

•  determination  of  the  working  temperature  T0  for 
many-functional  multilayer  alloy; 

•  performing  self-consistent  thermodynamical 
calculations  of  a  phase  diagram  for  a  system, 
including  all  chemical  components  of  both  the 
substrate  and  the  coating; 

•  chemical  potential  calculation  for  all  the 
components  in  various  phase  diagram  regions  at 
temperature  To; 

•  selection  of  chemical  compositions  and  phase- 
structural  states  for  both  the  substrate  and  the 
coating  on  the  base  of  calculated  and 
experimentally  obtained  phase  diagrammes; 

•  melting  of  alloys  for  substrate  and  coating 
materials  and  heat-treatment  at  temperature  To, 

•  control  of  phase  states  and  chemical 
compositions  of  heat-treated  alloys  to  provide 
chemical  compatibility  of  the  prepared  materials; 

•  selection  of  ion-beam  (plasma)  method  for 
surface  layer  production  with  the  given  chemical 
composition; 

•  heat  treatment  of  the  produced  multilayer 
material  and  depth-control  of  its  phase  state  and 
chemical  composition; 

•  testing  of  thermal  and  chemical  stability  of 
surface  layers  at  temperature  T0  followed  by  the 
control  of  their  composition. 

Production  of  stable  beryllium,  aluminum  and 
tin  coatings  on  iron  foils  by  means  of 
magnetron  sputtering  technique 

According  to  the  thermodynamic  approach,  the 
stable  at  high  temperatures  layer  enriched  with 
coating  element  on  iron  can  be  created  when 
volume  of  the  material  will  represent  a  saturated 
solid  solution  of  coating  element  in  alpha  iron.  In 
this  case  diffusion  of  coating  element  deposited 
on  the  surface  into  volume  of  iron  is  negligible 
and  stable  structure  with  the  high  contents  of 
coating  element  in  near  to  surface  area  is  formed. 
Therefore,  if  we  preliminary  create  saturated  solid 
solution  in  the  sample  of  alpha  -  iron  then 
deposited  layer  should  be  stable. 

Another  way  for  creation  of  stable  coating  is  to 
deposit  on  thin  alpha-iron  film  of  coating  element 
layers  with  both  sides  of  sample  and  to  heat  it. 
Thickness  of  deposited  element  layers  and 
duration  of  heating  period  should  be  such,  that 
uring  annealing  period  in  a  matrix  saturated  solid 


solution  was  generated,  and  on  a  surface  the 
excess  of  the  deposited  element  has  generated 
enriched  by  coating  element  phase. 

We  realized  the  second  path  on  samples  of  alpha- 
iron  and  steel  having  the  shape  of  thin  foil  by  the 
thickness  from  10  to  30  microns,  the  thickness  for 
different  deposited  element  layers  was  various  for 
different  elements.  After  deposition  of  coating 
element  isothermal  annealing  in  vacuum  has  been 
carried  out.  After  annealing  the  structure  of 
specimen  was  determined  by  the  technique  of 
Mossbauer  spectroscopy  and  X-ray  diffactometry. 
Control  of  deposited  Be  layer  depth  as  well  as 
determination  of  the  iron  concentration  profile 
over  the  depth  have  been  implemented  by  the 
Rutherford  back  scattering  method  (RBS)  at  the 
electrostatic  accelerator  UKP-2-1  of  Kazakhstan 
Institute  of  Nuclear  Physics.  In  result  of  described 
procedure  stable  phase  distribution  along  the 
depth  of  specimen  was  formed,  see  for  example 
fig.  2  for  beryllium  coating. 


C,at%  Tarr=720°C- 


0.5  1.0 

x,nm  J- 

Fig.  2.  The  depth  distribution  of  Fe  and  Be 
concentration  along  depth  of  specimen  after  10 
hours  of  annealing  (RBS  method). 


Conclusion 

1.  The  technology  of  many- functional  multilayer 
material  production  consists  of  some  stages  is 
developed. 

2.  Stable  at  high  temperature  coatings  on  iron  was 
produced  with  help  of  magnetron  stuttering 
method  and  subsequent  annealing. 
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The  progress  of  modem  technique 
requires  advanced  materials,  which  possess  a 
variety  of  properties,  sometimes  contradictory  but 
extremely  useful.  Friction  and  wear-  resistant 
materials  must  have  properties  to  be  able  to 
operate  at  elevated  temperatures  being  in  contact 
with  aggressive  media.  The  problem  of  friction 
and  wear-resistant  materials  became  the  major  one 
in  machine  engineering,  space  and  aircraft 
construction,  as  well  as  in  chemical,  petrol,  gas 
industries,  etc. 

Reliable  operation  of  mechanisms  and 
machines,  either  available  or  in  stage  of  designing, 
shall  require  for  the  above  industries  friction  and 
wear-resistant  materials  able  for  operation  under 
gas  or  liquid  aggressive  media  within  a  wide 
temperature  range  between  minus  250  and  plus 
600  °C  at  high  slip  velocities  (up  to  60-80  m/s) 
and  considerable  loading  values. 

Stability  of  physical  and  mechanical  properties 
within  a  preset  temperature  range,  resistance  to 
aggressive  media,  either  gas  or  liquid,  at  various 
temperatures  and  pressures,  high  wear  resistance, 
good  frictional  characteristics  (good  running  in, 
low  and  stable  coefficient  of  friction,  high  bearing 
capacity,  etc.  of  materials  used  for  bearing 
application  shall  define  a  reliable  operation  of 
materials  for  bearing  applications  under  such 
severe  loading  conditions. 

The  first  two  requirements  shall  be  met 
due  to  the  use  of  stainless  steel  nickel-chromium 
steels.  However,  they  are 

prone  to  seize  at  friction,  thus  excluding  their  use 
as  friction  components. 

The  powder  metallurgy  being  a 
technology  of  making  materials  with  desired 
properties  provides  a  number  of  routes  permitting 
the 

tailoring  of  the  required  structure  of  composite 
materials  based  on  stainless  steels.  We  used  the 
following  methods  to  produce  a  series  of 
corrosion  resistant  antifriction  materials. 

•  Addition  of  chemically  active  agents  to  the 
material,  which  are  able  to  interact  with  the 
metal  of  conjugated  surfaces  during  the  friction 


process  to  form  protective  wear  resistant  films 
upon  them; 

•  Formation  of  a  heterogeneous  structure  using 
alloying  by  strengthening  elements  (carbon  or 
boron,  for  instance),  that  are  able  to  resist  seizing 
,  chemical  or  abrasive  effects; 

•  Combination  of  the  alloying  by  strengthening 
elements  and  introducing  of  chemically  active 
agents. 

To  achieve  this  aim,  we  have  developed  a 
method  of  introducing  of  sulfur  in  the  stainless  steel 
powder,  which  combined  the  sintering  and  sulfiding 
in  a  one  step.  This  resulted  not  only  in  activation  of 
the  interaction  process  of  the  stainless  steel 
components  with  sulfur,  but  also  in  activation  of  the 
sintering  process,  thus  reduced  the  sintering 
temperature  by  250-300  °C  [1],  The  process  yielded 
a  composite  material  based  on  stainless  steels  with 
uniformly  distributed  sulfide  inclusions,  based  on 
iron,  chrome  and  nickel.  Such  materials  retain  high 
corrosive  resistance  intrinsic  for  stainless  steels  and, 
at  the  same  time,  are  able  to  form  secondary 
separation  antifrictional  layers  when  friction  loaded 
[2,3]. 

To  prepare  the  heterogeneous  structure,  we 
developed  a  method  of  introduction  of  carbon  and 
boron  [4,5],  and  designed  stainless  steel-based 
friction  and  wear-resistant  materials  by  combining 
the  alloying  through  strengthening  elements  and  the 
addition  of  chemically  active  agents  [6-8], 

Using  the  above  materials,  the  IPMS,  NAS 
of  Ukraine,  has  developed  methods  of  producing  a 
number  of  corrosion,  friction  and  wear-resistant 
materials  based  on  powders  of  stainless  steels  and 
chromium  [3,5-8]  to  be  used  under  extreme 
conditions,  and  corrosion,  friction  and  wear  resistant 
coatings  based  on  sulfided  chromium  [9-11], 

The  materials  as  designed  have  been  tested 
by  friction  loading  under  extreme  conditions,  i.e.  in 
contact  with  aggressive  media  at  elevated 
temperatures.  The  friction  and  wear-resistant 
material  base  on  X23H12  stainless  steel,  patented 
under  the  No.  449970  [6]  has  been  successfully 
tested  on  the  corrosion  resistance  in  dissociating 
heat  carrier,  N204  at  500  °C  and  5  atm. 
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One  of  problems,  directly  bound  with  reliability 
and  durability  of  submerged  electric  motors  of  a 
series  SEM,  is  the  problem  of  increase  of  up  state 
of  a  bearing  assembly.  Terms  of  normal  activity  of 
bearing  boxs  are  determined  by  a  kind  of  a  stuff  of 
conjugate  friction  surfaces,  features  of  cooling, 
lubrication  and  heat  rejection,  and  also  extreme 
operation  conditions:  by  a  slip  velocity,  load,  tem¬ 
perature,  medium  (fluid,  gas),  where  the  direct 
and  constant  maintenance  for  SEM  is  impossible. 

At  designing  of  bearings  of  axes  and  shafts  before 
the  designer  there  is,  first  of  all,  problem  that  in 
the  given  concrete  case  the  rolling-contact  bearing 
or  sliding  bearing  is  more  preferential.  The  essen¬ 
tial  role  thus  is  played  by  economical  reasons, 
condition  of  mounting  and  exploitation,  and  also 
requirement  of  trade  off. 

Conservatism  concerning  bearings  of  slip  is  con¬ 
ditioned  by  that  popular  belief,  that  the  friction 
losses  of  slip  at  the  identical  operation  conditions, 
always  are  higher  than  friction  losses  of  rolling 
[1].  This  error  opinion  cannot  be  diffused  to  slid¬ 
ing  bearings  working  in  a  mode  of  fluid  friction, 
when  the  layer  of  lubrication  separating  working 
surfaces  of  the  bearing  box  and  bush  from  each 
other,  that  eliminates  a  capability  of  their  direct 
contact;  the  friction  losses  are  in  this  case  rather 
small  and  do  not  surpass  friction  losses  in  rolling- 
contact  bearings. 

However  qualitative  activity  of  sliding  bearings  is 
not  provided  of  itself,  and  is  possible  only  in  that 
case,  when  a  design  of  the  bearing  box,  its  sizes, 
stuffs  rubbing  of  parts,  kind  of  lubrication  and 
other  parameters  are  selected  with  allowance  for 
of  its  operational  conditions.  Such  selection  is 
made  with  the  help  of  the  conforming  calculations 
of  bearing  boxs  and  on  the  basis  of  usage  of  a 
stored  case  record  in  engineering.  Only  at  exact, 
scientific  and  practically  reasonable  designing  and 
calculation  of  bearings  of  slip,  the  success  can  be 
ensured  at  their  technical  application. 

At  the  present  stage  of  development  of  the  intro¬ 
duced  theory  of  friction  and  wearing  it  is  possible 


to  some  extent  to  forecast  the  up  state  of  a  unit  of 
friction  and  durability  of  the  machine  as  a  whole, 
outgoing  from  physico-chemical  properties  and 
mechanical  characteristics  rubbing  of  stuffs.  The 
thermal  processes  developing  at  friction  as  a  result 
of  effect  of  load  and  a  slip  velocity,  result  in 
change  of  physical-mechanical  properties  rubbing 
of  stuffs,  and  at  simultaneous  effect  of  fissile  envi¬ 
ronment  (fluid  or  gas)  -  to  physico-chemical 
changes  of  surface  layers,  that,  thus,  results  in 
change  of  the  characteristics  of  friction  [2],  and, 
thereby,  to  decrease  of  up  state  of  a  unit  of  fric¬ 
tion. 

The  uniqueness  of  a  design  SEM  superimposes 
definite  limitations  on  improvement  of  reliability 
of  the  bearing  box. 

Small  external  diameter  SEM  (103-123  mms  at 
length  of  6-8  meters)  put  in  rigid  frameworks 
critical  dimensions  of  the  bearing  box. 

The  bearing  case  SEM  works  in  a  magnetic  field 
of  the  electric  motor,  therefore,  with  the  purpose 
of  exception  cranks  and  strong  heating,  the  bear¬ 
ing  box  is  necessary  for  producing  from  a  non¬ 
magnetic  material,  which  one  is  steady  to  induce 
of  eddy  currents.  The  stuff  of  the  bearing  box 
should  be  strong  enough,  not  change  geometry  of 
the  bearing  box  during  activity  and  strong  heating, 
have  damping  properties. 

The  replacement  of  oil  on  one  more  tenacious  is 
not  obviously  possible,  as  the  oil  circulates  and 
executes  a  heat  rejection  and  other  parts  SEM,  and 
also  is  the  basic  electric  insulating  material. 

Therefore,  the  perfecting  of  the  bearing  box  is 
possible  only  as  at  the  expense  of  optimization  of 
its  design  [3],  and  selection  of  a  stuff  he  is  made 
of  which  one. 

The  set  forth  above  requirements  to  a  stuff  of  a 
bearing  case  respond:  a  powder  titanium  I1TX-4-2 
and  non-magnetic  cast  iron  [4], 


SECTION  A. 

PRINCIPLES  OF  DESIGNING  MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARDCONDITIONS^ 


One  of  the  main  problems  at  mining  a  bearing  as¬ 
sembly  is  the  selection  of  a  stuff  of  conjugate 
friction  surfaces.  Conducted  before  research  The 
public  corporation  Special  Design-technology 
Office  of  SE  "Potential"  on  application  metal- 
fluoraplastic  of  bushes  in  sliding  bearings  have 
shown  their  high  enough  maintainability  [5]. 

In  connection  with  the  high  requirements  shown 
to  characteristics  SEM,  actual  there  are  problems, 
bound  with  definition  of  strength  and  compliance 
of  sliding  bearings  used  as  bearings.  The  compli¬ 
ance  of  a  bearing  determines  a  series  of  the  rele¬ 
vant  dynamic  properties  of  the  machine,  including 
resonant  sites  of  a  spectrum  of  vibration  and  dy¬ 
namic  forces  which  are  operational  on  the  part  of 
a  rotary  table  on  a  bearing  assembly. 

The  reliability  augmentation  of  activity  of  a  bear¬ 
ing  assembly  is  possible  by  maintenance  of 
damping  properties  and  exception  crank  of  a 
bearing  case.  It  is  reached  by  that  [3],  that  in  a 
body  of  a  bearing  assembly,  which  one  is  set  in  a 
stator  bore,  three  axial  channels  on  external  and 
internal  cylindrical  surfaces  for  transit  of  a  cutting 
compound  are  made.  The  axial  channels  are  ar¬ 
ranged  in  such  a  manner  that  give  to  a  bearing  as¬ 
sembly  damping  properties. 

As  the  monitoring  mechanical  characteristics  of 
the  bearing  box  two  characteristics  of  its  body  are 
determined:  hardness  and  destructive  force. 

The  large  concern  by  optimization  of  a  design  of 
the  bearing  box  is  introduced  by  researches  of  in¬ 
fluencing  of  design  data  on  value  of  internal 
stresses  arising  in  a  bearing  case,  for  different 
stuffs  and  to  a  compliance  of  a  design  at  different 
width  of  a  groove  and  external  loadings. 

As  a  result  of  made  activity  the  following  prob¬ 
lems  were  resolved: 

influencing  design  data,  in  particular  width  of 
a  technological  groove  on  an  exterior  of  a 
bearing  case,  on  value  of  internal  stresses 
arising  in  a  design  under  operating  of  external 
loadings  of  prescribed  value  for  different 
stuffs  (of  a  dust  of  a  titanium  and  non¬ 
magnetic  cast  iron)  is  investigated; 

-  the  compliance  is  investigated  at  miscellane¬ 
ous  external  loadings  of  a  design  of  the  bear¬ 
ing  box  from  different  stuffs  with  varied 
width  of  a  groove; 


-  the  arc  of  a  contact  of  the  arbor  and  bush  of 
the  bearing  box  is  determined,  which  one  is 

characterized  by  angular  coverage  2  <p0 ; 

-  the  distribution  of  contact  pressures  p{cp)  is 
determined; 

-  are  determined  maximum  rating  of  contact 
pressure  pm  and  value  of  middle  pressure  at  a 
contact; 

the  experimental  researches  are  conducted  and 
the  practical  values  of  destructive  force  and 
compliance  of  bodies  of  bearing  boxs  with 
metalfluoroplastic  by  the  bush  and  without  it 
for  different  stuffs  (dust  of  a  titanium  flTX-4- 
2  and  non-magnetic  cast  iron)  are  obtained; 
the  design  of  the  bearing  box  with  optimum 
design  data  which  are  conforming  the  re¬ 
quirements  is  determined  which  one  are  pre¬ 
sented  to  bearings  of  slip  used  in  SEM,  the 
activity  which  one  descends  in  rather  the 
composite  extreme  operation  conditions  on 
conditions  on  fields  at  oil  extracting. 
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INSTALLATIONS  AND  BURNERS  (GUNS)  FOR  HVOF  AND  HVAF 

SPRAYING 


Kysil  V„  Kadvrov  V.,  Yevdokimenko  Y. 

Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kyiv,  Ukraine 


At  present,  high  velocity  gas  flame  spraying 
(HVGFS  -  HVOF  and  HVAF  systems)  is  one 
of  the  most  intensively  developing  directions  of 
the  thermal  gas  spraying.  HVGFS  technology 
allows  to  spray  an  functional  coatings  (wear  and 
corrosion  resistant,  erosion  resistant,  heat 
protective  and  others)  of  practically  any  metal  and 
many  metal  ceramic  powder  materials  of  high 
quality  -  low  porosity  (less  than  1%)  and  high 
adhesion  (up  to  lOOMPa.).  Technology  of  the 
HVGFS  is  based  on  spraying  of  the  particles  of 
applied  material  by  high-temperature  stream 
of  the  combustion  products  of  hydrocarbon 
fuel  in  oxygen  (HVOF  process)  or  in  air 
(HVAF  process)  having  sub-  or  supersonic 
velocity. 

The  High  Velocity  Oxy-Fuel  (HVOF)  and  Air- 
Fuel  (HV AF)  processes,  an  recent  development  in 
the  field  of  thermal  spray  coatings,  has  attracted  a 
lot  of  interest.  Its  high  coating  quality  results  from 
the  use  of  a  hot,  combustion  driven  high  velocity 
gas  jet  for  thermal  spraying.  HVOF  coatings 
cannot  be  considered  generic  because  each  is 
highly  dependent  on  gun  design,  fuel  type, 
operating  pressure  and  energy  input  level.  Particle 
velocity  (i.e.,  the  speed  at  which  particles  of 
coating  material  travel  during  their  flight  from  the 
spray  gun  to  he  part  being  coated)  is  a  critical 
factor  in  all  thermal  spray  processes. 
Significantly,  HVOF  guns  can  produce  particle 
velocities  that  are  considerably  higher  than  the 
other  currently  available  commercial  thermal 
spray  processes.  HVOF  process  can  increase 
chamber  pressure  over  Detonation  Gun  system 
and  therefore  can  theoretically  achieve  higher 
particle  velocity  and  coating  quality.  The  particle 
velocities  obtained  are  a  function  of  chamber 
pressure.  The  only  limits  to  a  higher  particle 
velocity  in  the  HVOF  process  are  the 
requirements  to  use  higher  oxidant  and  fuel 
pressure.  Specific  particle  conditions  that 
contribute  to  the  HVOF  advantages  compared 
with  other  types  of  thermal  spray  processes  in 
open  air  include: 

•  Favorable  environment 

•  Much  shorter  exposure  time  in  flight 


•  Reduced  mixing  with  ambient  air  once  the  jet 
and  particles  leave  the  gun 

•  Lower  ultimate  particle  temperatures 
compared  to  plasma  or  arc  guns 

•  Higher  particle  kinetic  energy  upon  impact 
against  the  substrate 

The  basic  requirement  of  a  HVOF  system  is  to 
bum  fuel  and  oxidant  in  an  enclosed  volume  or 
chamber  and  build  up  pressure  so  that  gases 
expand  through  an  orifice  as  they  exhaust  and 
accelerate  to  the  atmosphere.  A  number  of  burner 
designs  can  be  used  to  accomplish  this,  each 
having  advantages  and  disadvantages. 

One  of  the  main  disadvantage  of  HVGFS 
technology  is  the  difficulty  and  in  most  cases 
impossibility  to  apply  refractory  coatings.  At  the 
same  time,  the  energy  potency  of  the  method 
allows  to  achieve  for  the  particles  of  most 
materials  the  parameters  (temperature  and 
velocity),  sufficient  to  produce  high  quality  wear- 
corrosion  resistant  coatings  of  new  composite 
materials  based  on  refractory  components  and 
ceramic.  However,  the  gas  dynamic  layouts  of  the 
burners  in  contemporary  equipment  for  HVGFS 
don’t  able  to  realize  energy  potency  of  the  method 
fully.  At  the  best  contemporary  systems  the 
processes  of  heating  and  acceleration  of  sprayed 
materials  powder  particles  are  taking  place 
simultaneously  at  their  move  in  high-temperature 
stream  of  burned  products  in  sufficiently  extended 
(up  to  300mm)  accelerating  channel.  The  velocity 
of  gas  stream  in  such  channel  can  be  subsonic  or 
supersonic,  dependently  on  its  configuration. 

The  possibility  to  increase  particle  energy, 
determined  by  their  velocity  and  temperature,  in 
burners  of  such  design  seems  to  be  brought  to  the 
end.  That  is  follow  from  the  fact,  that  the 
conditions  of  further  particles  velocity  and 
temperature  increase  are  to  be  incompatible:  to 
increase  the  temperature,  it  is  necessary  to 
increase  the  time  of  particles  being  in  the  stream, 
and  at  particle  velocity  growing  the  time  of  its 
presence  in  the  channel  decreases  and,  besides,  the 
intensity  of  particle  heat  exchange  with  high- 
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temperature  environments  goes  down  as  a  result 
of  their  relative  velocity  decrease. 

Further  improvement  of  gas  dynamic  path  of 
high-temperature  two-phase  stream  generators 
and,  in  particular,  HVGFS  burners  can  be  made 
by  means  of  functional  subdivision  of  the  sections 
of  particles  heating  and  acceleration. 

In  present  report  is  described  new  concept  of  gas 
dynamic  burner  channel  with  functional 
separation  of  dispersed  powder  heating  and 
accelerating  zones,  which  is  aimed  for: 

•  Disperse  phase  heating  in  transporting  gas 
flow  with  high  temperature  and  low  velocity; 

•  Following  accelerating  of  disperse  phase  in 
around  sonic  and  supersonic  flow; 

•  Accelerating  of  gas  flow  up  to  sonic  velocity 
by  means  of  consumption  influence,  which  is 
reached  by  injection  of  certain  portion  of  gas 
between  heating  and  accelerating  zones; 

•  Absence  of  convergent  zones  along  the 
channel  length. 

Experimental  air-fuel  (HVAF)  and  oxy-fuel 
(HVOF)  burners  with  the  optimal  gas  flow 
channel  are  developed  and  described.  Such 
materials  as  aluminum,  nickel,  nichrome,  copper, 
tungsten  carbide  with  cobalt  matrix,  alumina  and 
composites  were  sprayed  and  investigated. 

For  experimental  test  spraying  the  experimental 
test  stand  was  manufactured  which  is  enable  to 
perform  the  HVGFS. 

For  such  purpose: 

•  The  layout  of  the  experimental 
installation  for  HVGFS  was  developed,  which  one 
ensures  independent  feeding  of  fuel  components 
into  consumption  chambers  of  experimental 
burner.  The  modernization  of  the  fuel  and  oxygen 
feeding  system  of  the  HVGFS  installation 
“Struja”  was  done.  Developed  and  manufactured 
the  compressed  air  system  of  the  experimental 
HVAF  burner.  Compressed  air  feeding  system 
with  extended  maximum  working  pressure  of  3.5 
MPa,  and  air  consumption  of  5  m3/min.  was 
modernized. 

•  Powder  hopper  was  improved  and 
modernizes.  Remote  control  panel  was  developed 
to  regulate  and  control  feed  rate  with  indications 
of  the  orifice  size 


•  Developed  and  manufactured  ignition 
system  to  ignite  air-fuel  burner,  which  was  tested 
on  the  burners  of  the  traditional  layouts. 

•  Measuring  method  of  working  gases 
consumption  determination,  based  on  gas  pressure 
in  the  combustion  chamber  and  connection 
collectors  was  developed.  PC  software  to  calibrate 
the  consumption  of  working  gases  by  the  results 
of  cold  blowing  was  developed. 

As  a  result  of  experimental  research  of  created 
burner  installations  were  optimized  their  working 
parameters  and  determined  main  technological 
parameters  (spray  distance,  working  spray 
velocity  pass,  powder  consumption  and  so  on). 

Technical  parameters  and  coating  properties 
obtained  by  traditional  HVOF  systems  and  new 
concept  burners  were  compared. 

Conclusions: 

New  gas  dynamic  concept  and  HVOF  &HVAF 
burners  (guns)  based  on  consumptional 
regulation  of  gas  flow  parameters  were 
developed  which  provides  the  following 
advantages: 

•  Increase  of  coatings  quality  in  terms  of 
adhesion,  cohesion,  residiual  porosity  and 
hardness 

•  Increase  of  process  thermal  efficiency 
coefficient 
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One  of  promising  directions  in  designing  of 
products  to  be  used  under  extreme  conditions  is 
application  of  protective  and  strengthening 
coatings.  Because  there  is  an  objective  difference 
in  operation  conditions  for  bulk  material  and 
superficial  layer  this  requires  to  provide  different 
chemical,  physical,  mechanical  and  strength 
properties  for  the  mentioned  part  areas.  The 
experience  of  numerous  research  works  shows, 
that  in  system  «design  -  aggressive  working 
environment  design  surface  is  the  weakest 
element  that  determines  the  allowable  operational 
conditions  and  the  resource  of  a  system  as  a 
whole. 

The  design  of  products  with  applied  coatings  is 
based  on  optimization  and  strength  analysis. 
Rather  full  information  on  physical  and 
mechanical  properties  of  both  base  material  and 
coatings.  While  there  is  a  comprehensive 
information  on  physical  and  mechanical 
properties  of  a  base  material,  as  a  rule,  but  there  is 
not  enough  information  on  the  properties  of 
coating  materials,  as  the  latter  ones  represent  often 
new  materials  with  unexplored  properties.  In  the 
most  cases  it  is  impossible  to  study  these 
properties  using  conventional  equipment,  as  the 
materia]  exists  only  as  a  thin  layer  on  a  certain 
base.  Separation  of  sample  from  base  material  and 
then  study  of  its  properties  represent  a  difficult 
engineering  task  and  require  development  of  a 
new  equipment.  Moreover,  it  shall  be  noted  that  a 
sample  separated  from  the  base  has  other 
properties,  than  the  coating  on  the  base,  as  in  case 
of  coating  separation  from  the  base  a  residual 
stress  field  inevitably  arising  in  a  coating  material 
because  of  special  technological  features 
(different  coefficients  of  linear  expansion  of  base 
and  coating  materials,  different  shrinking 
properties  etc.)  disappears.  At  present  the  coating 
material  properties  are  of  particular  interest.  Only 
a  few  works  on  physical-mechanical  properties  of 
applied  multi-layer  coatings  can  be  found.  There 
are  very  few  works,  in  which  non-destructive  tests 


of  physical  and  mechanical  characteristics  of 
multi-layer  coating  materials  are  described. 

The  offered  procedure  generalizes  the  well-known 
methods  of  static  and  dynamic  tests  of  isotropic 
samples  taking  into  consideration  the  layered 
samples  of  different  form.  The  procedure  makes  it 
possible  to  study  mechanical  properties  of  coating 
materials  taking  into  account  a  field  of  residual 
stress  with  the  aim  to  determine  characteristics  of 
macro-samples. 

The  essence  of  the  technique  is,  that  the  required 
number  of  tests  and  minimum  number  of  multi¬ 
layered  samples  which  shall  be  analyzed  as 
composite  multi-layer  designs  and  are  described 
by  the  equations  of  the  theory  of  elasticity  are 
determined.  The  unknown  values  that  shall  be 
determined  are  physical  and  mechanical 
properties  of  multi-layer  materials  and  their 
strength  properties:  modulus  of  elongation 
(Young’s  modulus),  rigidity  modulus  (shear 
modulus),  Poisson’s  ratio,  specific  weight 
densities,  coefficient  of  linear  thermal  expansion, 
limit  of  elasticity  and  field  of  residual  stress  in 
these  materials.  Such  samples  as  rods  and  bars  are 
mostly  used  for  mechanical  tests  therefore  the 
offered  technique  is  developed  for  multi-layer 
rod-type  elements. 

The  tests  shall  enable  to  determine  all  physical 
and  mechanical  characteristics  of  materials  and 
shall  provide  the  information  on  a  field  of  residual 
technological  stress.  Different  stress  diagrams  can 
be  used  during  the  tests.  However,  because  it  is 
necessary  to  determine  a  wide  range  of 
characteristics,  it  is  advisable  to  divide  the  tests 
into  classes,  this  makes  it  possible  to  exclude 
some  characteristics.  For  example,  in  static  tests 
the  influence  of  material  density  is  excluded,  in 
tests  without  heating  or  cooling  of  samples  the 
influence  of  coefficients  of  linear  thermal 
expansion  is  excluded. 
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Let's  consider  the  most  general  class  of  tests:  a 
dynamic  bend  with  stretching  or  compression 
taking  into  account  influence  of  temperature.  In 
case  of  dynamic  bend  in  plane  with  simultaneous 
stretching  (compression)  the  stressed  and  strained 
state  of  a  multi-layered  rod,  for  which  the 
Kirchhoff-Love  hypothesis  is  assumed,  is 
described  by  the  following  equations  of  plane 
motion: 


dN  Q  „  d2u0  d26 

-&-rq’=p'F‘iF-p‘s‘W’ 

dO  N  '  d2w 

t+j+q-=p'F-W 

8s  dt  dt' 

N  =  -£la,dF,  M  =  1  fazdF, ; 


*  F: 


‘  ?! 


o.  =  E.  (eQ  +  zse  -  a. T)+  o"  (s,  z)  ; 

du dw  d2w 

s0  =— 1;  0  =  — ;  ae  =  — — (l) 
ds  ds  ds 


Where  N,  Q,  M  -  axial  and  shear  forces  and 

bending  moment  of  section,  respectively;  U0 ,  W  - 
axial  movement  and  deflection  of  reference  line  of 
a  layered  rod;  #r(s, t),q„(s,t)  -  tangent  and 
normal  of  distributed  load;  m  (s,t)  -  distributed 

bending  moment;  pt  (s ),  E.  ( S ),  <Xt  (s) 

density,  modulus  of  elasticity  and  coefficient  of 
linear  thermal  expansion  of  “i”  -  layer  material; 

F.  (s),  S.  (s),  Ji  (s)  -  known  functions  of 
distribution  along  the  rod  of  area,  static  moment 
and  moment  of  inertia  of  “i”  -layer  section;  T  (s, 
z)  -  rod  temperature  distribution;  S,  Z,  R  (s)  - 
coordinates  longitudinally  and  perpendicularly  to 
rod  axes,  radius  of  curvature  of  rod  axis; 

O^S^z)  -  distribution  of  initial  stress  in  “i” 
layer  (field  of  residual  technological  stress).  For 
layers  of  small  thickness  the  function  of  initial 
stress  distribution  can  be  approximated  by  the 
linear  z-axis  functions 

0"(s,z)  =  0l(s)  +  Z0';i(s).  The  field  of 
initial  stress  is  self-balanced:  the  functions 
o"  ( S ,  Z )  satisfy  the  equations  (1),  when  external 
loadings  and  any  movements  are  absent.  In  other 
words,  the  initial  geometry  of  design  is  assumed 


to  be  as  the  one  after  completion  of  technological 
process.  Density,  modulus  of  elasticity  and 
coefficient  of  linear  thermal  expansion  of 
materials  are  considered  to  be  constant  on  Z- 
coordinate.  If  non-uniform  properties  of  coating 
are  observed  on  Z-coordinate,  the  mentioned  layer 
can  be  considered  as  multi-layer  design  with 
piece-wise  continuous  distribution  of  material 
characteristics. 

To  obtain  the  set  of  equations  that  make  it 
possible  to  determine  the  characteristics  of 
materials,  it  is  necessary  to  perform  a  series  of 
tests.  For  each  test  a  sample  stress  diagram,  the 
forces  and  deformation  parameters  to  be  measured 
during  tests  are  specified.  After  derivation  of  set 
of  equations  of  motion,  as  a  result  of  its  numerical 
integration  with  use  of  additional  experimental 
information  stress,  displacement  and  all  necessary 
characteristics  of  materials  are  determined. 

The  procedure  allows  to  specify  for  the  given 
design  with  a  multi-layer  coating  series  of  tests 
and  sets  of  samples,  which  shall  be  cut  out  from 
the  given  design  with  the  aim  to  determine  all 
physical  and  mechanical  characteristics  of 
materials  to  be  of  interest  for  us. 

The  procedure  has  an  advantage  that  makes  it 
possible  to  determine  coating  characteristics  not 
only  of  artificial  samples  but  also  of  samples 
having  properties  very  similar  to  the  ones  of  a  real 
design. 

The  next  advantage  of  described  procedure  is 
possibility,  using  one  sample,  to  determine  a  wide 
range  of  characteristics  by  means  of  different 
types  of  tests.  For  example,  after  determination  of 
mechanical  material  characteristics  with  the  help 
of  static  tests  it  is  possible  to  determine  material 
density  by  means  of  dynamic  tests  using  the  same 
sample.  Then  by  sample  exposure  to  the 
temperature  field  it  is  possible  to  determine 
coefficients  of  temperature  expansion  and  thermal 
conductivity. 


47 


PRINCIPLES  OF  DESIGNING 


SECTION  A. 
MATERIALS  AND  COATINGS 


FOR  OPERATION  IN 


HAZARD  CONDITIONS 


STRUCTURE  AND  PROPERTIES  OF  A1203  AND  Al203+Cr203  COATINGS 
DEPOSITED  TO  USING  PULSED  DETONATION  TECHNOLOGY 

Pogrebnjak  A.D.111,  Tvurin  Y.N..  Kshnjakin  V.S."1,  Kolisnichenko  O.V. 

E.O.Paton  Electric  Welding  Institute,  NASU,  Kyiv,  Ukraine 
Sumy  Institute  for  Surface  Modification,  Sumy,  Ukraine 


Coatings  of  aluminum  oxide,  which  are  produced 
by  gas-thermal,  plasma  detonation  deposition  find 
their  wide  application  due  to  their  high  wear 
resistant,  corrosion  resistant,  heat  protecting, 
electro-isolating,  etc.  properties  [1-3].  When  the 
powder  Al203  is  deposited  by  the  plasma- 
detonation  way,  it  undergoes  phase 
transformations,  which  ratio  depends  both  on  the 
characteristics  of  initial  material,  and  on  the  way 
and  conditions  of  deposition,  substrate 
temperature,  the  thickness  of  the  deposited  layer, 
the  velocity  of  the  incident  plasma  jet,  its 
temperature,  and,  probably,  other  factors.  In  this 
connection,  the  servicing  characteristics  of  the 
aluminum  oxide  coating  seem  to  be  determined  by 
a  quantitative  content  of  various  modifications  of 
A1203  in  it.  As  is  known,  in  the  process  of 
exploitation  under  high  temperatures,  the  phase 
composition  may  change.  Therefore,  one  may 
assume  that  this  change  of  phase  ratio  may 
influence  the  protecting  properties  of  aluminum 
oxide  and,  naturally,  affect  the  life  of  these 
coatings. 

Modem  techniques  of  deposition  of  high  quality 
coatings  have  been  developing  now  in  such  a  way 
that  to  provide  high  rate  deposition  of  materials. 
For  these  purposes,  different  devices  for 
detonation  deposition  [2-4]  as  well  as  rocket 
nozzles  or  super-sonic  deposition  (of  HVOF 
type),  in  which  oxygen  serves  like  a  fuel  are 
applied  [6],  In  spite  of  evident  advantages  of  gas- 
detonation  way  of  coating  deposition,  application 
of  these  coatings  in  industry  is  limited  because  the 
devices  for  proportioning  and  feeding  of  powders 
are  complicated  and  there  exist  power  limitations 
of  a  pulsed  jet. 

This  paper  proposes  to  apply  non-stationary 
detonation  burning  processes  of  combustible  gas 
mixtures  in  the  device  for  deposition  to  increase 
the  pulse  power  [5],  Realization  of  detonation  of 
the  combustible  gas  mixture  in  an  electromagnetic 
field,  which  is  formed  between  two  coaxial 
electrodes  in  the  reaction  chamber  seems  to  be  an 
efficient  way. 

Therefore,  the  purpose  of  the  presented  paper  was 
to  investigate  physical  and  chemical  properties 


and  phase  composition  of  coatings  of  aluminum 
oxide  and  A1203  +  Cr2Oj  mixture,  which  were 
deposited  using  the  plasma  detonation  technique 
(under  high  temperatures  and  high  rates  of  the 
plasma  jet)  to  the  substrate  of  steel  3  (0.3wt.%C). 

A  plasmotron  “Impulse-3”  [5]  purposed  to  deposit 
coatings  has  been  applied.  This  plasmotron  has  a 
gas-dynamic  combustion  chamber,  where  the 
components  of  combustible  gas  mixture  are  mixed 
and  their  detonation  with  to  20  Hz  frequency  is 
initiated.  Initiation  of  detonation  is  realized  using 
a  sparking  plug.  Total  expenditures  of  the 
combustion  mixture  components  are  2  m2  per 
hour,  the  initiation  frequency  being  4  Hz.  The 
energy  of  charging  unit  is  400  mF  under  3.5  kV 
voltage.  The  length  of  the  gas-powder  jet  limited 
by  the  cylindrical  pipe  was  350  nm,  and  a  distance 
of  deposition  was  40mm.  The  velocity  of  plasma 
jet  may  be  given  in  advance,  it  can  reach  600  m/s 
to  8  km/s,  plasma  temperature  in  the  jet  being  2  x 
10  to  3  x  1 04  K,  and  the  power  density  of  pulsed 
plasma  can  reach  5x10  W/cm2.  To  investigate 
the  element  composition,  we  applied  a  beam  of 
protons  (1.744  MeV),  using  Elastic  resonance  on 
protons  and  Rutherford  back  scattering  of  He* 
ions  of  2  MeV  energy.  To  investigate  the  phase 
composition  and  structure,  we  applied  X-ray 
phase  analysis  (XRD)  with  diffraction  (the 
apparatus  DRON-3,  USSR)  and  transmission 
electron  microscopy  with  diffraction  (TEM)  using 
the  Electron  microscope  EM- 125  (Electron, 
Selmi,  Sumy,  Ukraine)  under  accelerating  voltage 
of  about  125  kV.  The  surface  morphology  was 
studied  using  the  raster  electron  microscope 
(REM  102  EM,  Selmi,  Sumy,  Ukraine)  and 
Atomic  Force  Microscope  (AFM).  Hardness  was 
measured  using  PMT-3  apparatus  with  a  pyramid 
KNUPA,  adhesion  was  determined  using 
sclerometry  with  indention  of  the  diamond 
pyramid  into  a  coating  and  its  motion  over  it. 

RBS  analysis  have  been  performed  at  three 
different  points  of  the  coating:  near  the  surface,  in 
the  coating  depth,  and  near  the  phase  boundary  of 
the  film  and  the  substrate.  The  energy  RBS 
spectra  and  elastic  resonance  on  protons  show  an 
evident  surface  peak  of  C  (as  a  result  of 
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resonance)  in  the  vicinity  of  1.755  MeV. 
Stoichiometry  of  the  ceramic  layer  near  the 
surface,  which  was  averaged  over  the  thickness  of 
1.6  mm,  was  as  Al35053Feo.5',  carbon  concentration 
was  about  llat.%.  Near  the  phase  boundary,  the 
stoichiometry  of  ceramic  composition 
significantly  changed  and  was  Al380jgFe3.  Iron 
concentration  increased  almost  by  a  factor  of  6, 
and  the  ratio  of  oxygen  to  aluminum  was  close  to 
a  classic  one  -  Al4006o.  Fe  was  present  all  over  the 
whole  thickness  of  coating,  which  evidenced 
some  erosion  (evaporation)  of  the  electrode  into 
the  plasma  jet.  The  coating,  which  was  composed 
only  by  aluminum  oxide,  had  an  average  density 
of  p  =  3.9  g/cm3  (this  was  close  to  the  value  for  a- 
A1203,  i.e.  p  =  3.98  g/cm3).  Micro-hardness  of 
some  regions  reached  1.95  x  104  H/mm3,  its 
minimum  value  being  about  1.4  x  10  K. 
Measurements  of  heat  conductivity  of  A1203 
coating  demonstrated  a  value  of  38  W/m  x  K, 
which  was  close  to  that  for  the  pure  A1203  (40 
W/m  x  K).  One  should  note  that  the  coating, 
which  was  produced  from  the  mixture  of  A1203  + 
Cr203  powders,  had  higher  value  of  hardness  > 
(2.1  to  2.2)  x  104N/mm2.  However,  the 
preliminary  tests  for  adhesion  demonstrated  that 
under  the  same  thickness  of  coating  (about  0.8 
mm),  A1203  had  better  adhesion  than  that  of  the 
mixed  one  (composed  of  aluminum  oxide  and 
chromium  oxide). 

A  phase  composition  of  A1203  coating,  which  was 
determined  by  TEM  with  diffraction, 
demonstrated  the  presence  of  such  phases  as:  a- 
A1203;  (3-Al203;  y-Al203;  q-Al203;  AlFe.  a-Al203 
was  a  poly-crystal  with  average  crystal 
dimensions  of  about  250  nm.  Crystallites  were 
without  defects,  had  a  regular  cut.  P*A1203,  a- 
A1203,  and;  ti-A1203  were  poly-crystals, 
dimensions  of  their  crystals  were  from  100  to  300 
nm.  A  defect  structure  was  observed  inside  the 
crystallites.  The  region  of  a  transition  layer,  which 
was  contiguous  with  the  substrate,  consisted  of 
FeAl  poly-crystals,  their  average  dimensions 
being  about  20  nm.  This  transition  layer 
consisting  of  FeAl  had  high  dislocation  density. 
One  also  should  know  that  because  of  high 
deposition  rate  and  high  temperature  of  the 
plasma  jet  being  incident  on  the  substrate,  some 
discrepancy  of  parameters  of  crystal  lattices  of  the 
coating  and  table  values  was  noticed  (which  was 
revealed  in  studies  of  electron  diffraction).  XRD 
analysis  of  the  same  coating  demonstrated  good 
correlation  of  these  results  with  TEM  analysis.  In 
spite  of  the  fact  that  XRD  information  was 


obtained  from  a  thicker  layer,  it  was  revealed  that 
a-phase  constituted  about  60%  of  coating,  y-phase 
constituted  about  30%,  meta-stable  phases  as  (3- 
and  t|-,  which  could  hardly  be  revealed  in  the 
XRD  spectrum  without  special  thermal  annealing 
were  the  rest. 

Phase  analysis,  which  was  performed  using  TEM 
with  diffraction,  demonstrated  the  following 
phases:  a-Al203;  P*A1203;  y-Al203;  Cr203,  and 
Cr30.  a-Al203,  and  P-A1203  crystallites  are  of 
average  dimensions  (about  150  nm)  and  have  no 
defects,  y-phase  was  the  region  of  coating  with 
crystallites,  which  dimensions  were  scores  of 
nano-meters  (20  ±  30  nm).  Micro-electron 
patterns  showed  a  ring-like  structure.  The  regions 
of  the  coating  containing  Cr203  had  crystallites  of 
average  dimensions  of  about  150  nm, 
dislocations-like  defects  were  absent.  Cr203 
regions  of  coatings  contained  very  large  crystals 
of  0.5  mm  dimensions.  Dislocation-like  defects 
were  absent. 

In  such  a  way,  the  presented  work  has  shown  that 
the  plasma-detonation  way  of  deposition  from 
A1203  and  A1203  +  Cr203  allows  one  to  produce 
coatings  of  good  quality,  in  which  crystal 
dimensions  are  from  20  to  250  nm.  They  consist 
of  a-,  P-,  y-,  r|-  phases  and  the  transition  layer  of 
15  pm  thickness,  which  contains  FeAl  and  has 
high  dislocation  density.  Coatings  of  aluminum 
oxide  are  of  high  hardness  to  1.95  x  104  N/mm2, 
those  of  A1203  +  Cr203  are  of  (2.1  to  2.2)  x  10 
N/mm2.  Heat  conductivity  of  A1203  coatings  was 
38  W/m  x  K,  which  was  close  to  that  of  a-Al203 
(40  W/m  x  K).  One  should  note  that  adhesion  of 
the  Steel  3  substrate  with  A1203  coating  was 
higher  than  that  of  the  coating  deposited  from  the 
mixture  of  A1203  +  Cr203  powders. 
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The  study  of  the  correlations  of  engineering 
strength  of  hard  and  brittle  coatings  with  their 
composition,  structural  parameters,  and  stressed 
state  has  become  of  increasing  interest  to 
researches  employed  in  both  scientific  and 
industrial  applications.  To  evaluate  engineering 
strength  of  coatings  made  of  hard  and  brittle 
ceramic  materials,  the  most  effective  criteria 
including  the  fracture  toughness  (K,c)  combined 
with  microhardness  (HV)  shared  on  the  plasticity 
characteristic  (SH),  and  the  parameter  of  elastic 
deformation  (ce)  have  been  grounded  in  line  with 
contemporary  concept.  Certain  test  methods 
procedures  capable  of  determination  the 
reproducible  results  for  these  criteria  by  the 
indentation  technique  were  carried  out  and 
reported  previously  [1-5].  Effective  application  of 
the  concept  above  for  coating  development  and 
design  purposes  is  considered  in  the  present  work. 

Coatings  in  the  TiN|.x-Ti  system  of  the  specific 
composition,  which  was  named  by  the  Window* 
structure,  were  developed  to  be  alternative  to 
those  made  of  the  TiN  single  layer  or  TiN-Ti 
multilayer  composition  of  a  gradient  structure. 
The  category  of  'window'  structure  revealed  in  the 
TiNi.x  — Ti  coatings  was  given  on  association  with 
that  of  'arched  windows  located  in  the  wall'  since 
numbers  of  discrete  areas,  which  are  made  of 
ductile  metallic  material  and  put  in  order  inside 
the  parent  TiN]_x  layer,  were  formed.  Figure  1 
demonstrates  schematically  the  'window'  structure 
of  the  TiN|.x-Ti  coating. 


Fig.  I.  Schematic  presentation  of  the  TiN,.x-Ti 
coating  with  'window'  structure  (coating  cross- 
section  with  indentations). 


coating.  Deposition  of  the  Ti-  layer  on  thin 
metallic  layer,  which  was  made  of  Fe-Ni-Cr  alloy 
and  formed  initially  on  the  substrate  surface, 
together  with  following  ion-nitriding  were  used 
like  the  basic  processes  of  this  particular  method. 

It  was  found  experimentally  that  ductile  metallic 
areas  consist  of  Ti-matrix  with  finely  dispersed 
precipitates  of  intermetallic  compounds  (FeTi, 
Fe2Ti),  as  shown  in  Figure  1.  The  structure 
observed  for  the  metallic  areas  in  the  TiN,.x  -Ti 
coatings  was  found  to  be  similar  for  nitriding  zone 
of  the  D-Fe  matrix  with  finely  dispersed  particles 
of  the  Fe4N  nitrides. 

The  metallic  areas  were  very  small  (for  each  area 
~10"  ...10  pm3)  in  size  and  they  were  located  in 
the  central  section  of  coating.  It  was  shown  also 
that  additional  thin  layer  made  of  the  Ti2Fe 
intermetallic  compound  alloyed  by  Ni  and  Cr  is 
formed  between  initial  layer  made  of  Fe-Ni-Cr 
alloy  and  the  parent  body  of  the  TiN,.x-Ti  coating. 

The  data  for  mechanical  properties  of  coatings 
with  'window'  structure  of  the  TiN).x-Ti 
composition  are  shown  in  Figure  2.  It  could  be 
seen  that  the  fracture  toughness  criterion  K,c(0)  of 
the  Ti2.3N  zone  increases  sharply  as  far  as  the 
specific  volume  (y/)  of  the  ductile  metallic  areas 
increases  in  the  range  of  15  to  25%,  where  the 
criterion  Kic(0)  indicates  the  result  determined  in 
coating  cross-section  from  the  cracks  occurred  in 
the  direction  parallel  to  coating  flat  surface 
(Fig.l).  Then,  the  K,c(0)  value  of  Ti2.3N  zone 
increases  slightly  with  increasing  of  the  specific 
volume  of  the  ductile  metallic  areas  in  the  range  y/ 

>  25%.  Under  these  conditions,  the  fracture 
toughness  of  the  Ti2_3N  zone  was  found  to  be 
comparable  with  that  of  the  TiN  zone  placed 
above  the  metallic  areas:  Kk(0)  =  2.4  MPa  m  '/l. 

It  is  notable  that  the  KIc(0)  value  of  the  Ti2.3N 
zone  indicated  at  y/  >  25%  become  almost 
doubled  compared  to  that  of  continuous  TiN,., 
layer. 


The  particular  method  of  several  stages  was 
employed  for  performance  of  the  TiN^-Ti 
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Fig.2.  A  summary  of  the  data  for  (1)  fracture 
toughness  of  the  Ti2.3  N  zone,  together  with  the 
data,  obtained  in  the  ductile  metallic  areas  for  (2) 
microhardness  HV,  (3)  plasticity  characteristic 
_  H,  and  (4)  elastic  deformation  De  (y  is  the 
structural  parameter  defined  the  specific  volume 
of  the  ductile  metallic  areas). 


In  contrast  with  nitride  zones  the  values  of  HV, 
SH,  se  determined  in  ductile  metallic  areas  were 
found  to  be  dependent  of  structural  parameter  if/. 
Figure2  illustrates  that  as  structural  parameter  if/ 
decreases  in  the  range  of  35  to  5%  the  HV  value 
increases  in  the  range  of  7  to  11  GPa.  Because  of 
this,  the  8h  characteristic  decreases  in  the  range  of 
0.65  to  0.48  while  the  parameter  se  increases  in 
the  range  of  2.6  to  3.9%. 


It  was  concluded  that  the  increase  of  the  Kic  (0) 
value  of  the  Ti2.3N  zone  with  increasing  parameter 
[//  could  probably  be  ■  explained  by  the 
superimposition  of  local  micro-scale  field  of 
structural  stresses,  which  are  formed  in  the 
vicinity  of  the  metallic  areas,  on  the  macro-scale 
field  of  residual  stresses. 


properties  are  found  to  be  comparable  with  that 
for  the  best  of  conventional  TiN  coatings: 
HV=18...22  GPa,  Klc(0)=1.8...2.2  MPam'/\ 


However,  compared  to  conventional  types  of  TiN 
and  TiN-Ti  coatings,  the  additional  advantages  in 
engineering  strength  of  the  TiNi.x-Ti  coatings  are 
revealed  due  to  the  'window'  structure. 

These  advantages  above  fall  in  three  categories, 
which  are  such  as  follow: 

(i)  First  of  all,  the  rigidity  of  the  coating  system  is 
ensured  by  'window'  structure  compared  with  the 
TiN-Ti  multiplayer  coating  of  a  gradient  structure; 

(ii)  The  enlargement  of  coating  fracture  resistance 
due  to  crack  braking  by  the  ductile  metallic  areas; 

(iii)  Under  conditions  of  mechanical  loading  the 
ductile  metallic  areas  result  in  partial  dissipation 
of  energy  by  means  of  plastic  deformation. 

These  advantages  above  allowed  us  to  recommend 
the  TiNi.x-Ti  coatings  with  optimised  'window' 
structure  for  high-performances  in  pneumatic  and 
hydraulic  systems  used  under  extreme  service 
conditions  in  aircraft  industry. 
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strength  of  the  TiN,.x-Ti  coatings  with  optimised 
'window'  structure  is  great  since  their  mechanical 
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FILLER  FOR  THE  PROTECTION  FROM  IONIZING  RADIATION 

Ostrik  A.V. 

Institute  of  Problems  of  Chemical  Physics  RAS,  Chemogolovka,  Russia 


Ionizing  radiation  (IR)  cause  in  the  irradiated 
structures  a  wide  range  of  physical  processes 
(thermal,  ionizing,  mechanical,  chemical  and  so 
forth)  [1],  The  role  of  each  of  the  phenomena  var¬ 
ies  depending  on  the  IR  quanta  energies  and  prop¬ 
erties  of  a  material  being  irradiated. 

To  protect  from  IR  one  can  use  sets  of  screening 
covering  external  layers,  having  specific  purposes 
(antistatic,  dumping,  radio  absorbing  and  so  on). 
Recently,  however,  universal  heterogeneous  mate¬ 
rials  (HM),  which  have  integration  the  functions  of 
several  coverings  are  created.  Particularly,  unique 
protective  properties  are  available  to  HM  based  on 
epoxies  or  rubbers  with  fillers  of  hollow  metallized 
microspheres  (MS)  -  spheroplastics.  The  most  ad¬ 
vanced  use  is  the  application  in  such  materials  of 
non-organic  carbon  or  glass  microspheres  [2]. 

Integral  part  in  protective  coverings  designing  is 
solutions  as  follow  [3]: 

determination  of  the  IR  energy  deposited  in  the 
structure  material; 

determination  of  the  temperature  and  pressure 

fields,  being  formed  in  a  structure  as  a  result  of 

pulsed  energy  excretion; 

determination  of  destructive  factors  caused  by 

stress  waves  developing  from  initial  pressure 

profile. 

When  calculating  thermomechanical  impact  of  IR 
on  heterogeneous  coverings  there  energy  excretion 
profiles  in  the  HM  components  will  be  needed  with 
regard  for  energy  redistribution  by  secondary  elec¬ 
tron  radiation  on  the  component  boundaries.  The 
effect  of  the  redistribution  is  particularly  noticeable 
when  high-energy  quanta  are  absorbed  by  disperse 
filler  having  dimensions  comparable  with  the  elec¬ 
tron  run  length.  In  such  conditions  energy  carrying 
out  is  executed  not  only  from  the  inclusion  bound¬ 
ary  fields  but  practically  from  the  whole  volume  of 
filler  particles.  The  importance  of  considering  the 
influence  of  the  secondary  electron  radiation  on 
energy  excretion  is  determined  by  the  small 
amount  of  time  to  transfer  the  energy  by  electrons 
(in  the  order  of  units  of  nanoseconds)  and  its 
commensurability  with  the  radiation  effect  time  of 
r-IO8  s  discussed  in  the  paper.  Having  been 


formed  for  the  time  duration  of  x  (which  are  sig¬ 
nificantly  less  than  typical  time  development  of 
wave  processes  in  a  target)  the  IR  energy  distribu¬ 
tion  serve  as  primary  data  for  calculation  of  initial 
pressure  profile  in  the  covering. 


Fig- 1  -  Portion  of  energy  ef  absorbed  in  the 
filler  at  the  impact  of  the  IR  Plank  spectrum. 

Fulfilled  numerical  studies  of  IR  impact  on 
spheroplastics  with  the  MS  filler  of  glass  (covered 
with  tungsten)  and  carbon  (covered  with  nickel) 
show  that  the  portion  of  energy  et  absorbed  in  the 
filling  depends  on  the  spectrum  and  changes  de¬ 
pending  on  the  covering  thickness  X  (fig.  1 )  which 
exert  significant  influence  on  initial  pressure  pro¬ 
file. 

Pressure  leveling  at  non-equalized  energy  excre¬ 
tion  in  the  HM  components  occurs  during  the  time 
significantly  less  then  the  development  time  of 
mechanical  processes  in  the  whole  covering.  In  this 
case  we  can  use  the  hydrodynamic  model  the  pres¬ 
sures  quasi-static  leveling  between  the  filler  and 
the  binder  [4],  Figure  2  presents  the  calculation 
results  according  to  the  model  (curve  1 )  and  com¬ 
parison  they’re  of  with  the  adiabatic  (curve  3)  and 
linear  (curve  2)  approximations. 

In  case  of  small  specific  absorbed  energies  Q  dis¬ 
regarding  for  the  shear  deformations  in  the  binder 
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may  lead  to  errors  in  the  initial  pressure  calcula¬ 
tion.  When  warming-up  the  HM  components  near 
highly  absorbing  filler  cores  there  plastic  streams 
of  the  binder  may  be  created.  Disregarding  for  the 
material  mechanical  characteristic  changes  in  this 
regions  also  leads  to  the  errors  in  the  calculation  of 
radiation  mechanical  impact  on  HM.  Figure  3  pre¬ 
sents  the  results  obtained  from  model  [5]  for 
change  of  energy  excretion  parameters  (Q,  Sj  ) 
when  various  binder  states  are  realized:  elastic, 
mixed  (the  binder  is  near  MS  in  the  plastic  state 
and  the  cells  are  in  the  elastic  state  on  the  periph¬ 
ery),  purely  plastic  and  hydrodynamic. 


Fig.2.  Dependence  of  the  pressure  in  the  material 
Sn02  +  EDT  - 10  on  specific  absorbed  energy  Q. 


As  can  be  seen  on  fig.3  plasticity  region  is  virtually 
present  practically  in  the  whole  of  the  scope  of 
specific  energy  Q,  absorbed  in  HM  change. 

To  optimize  protective  properties  of  spheroplastics 
one  can  use  a  model  [6],  regarding  for  not  only 
peculiarities  of  the  IR  energy  consumption  by  the 
HM  components  and  porosity  there  of  but  also 
some  technological  peculiarities  of  coverings 
manufacturing  (for  example,  MS  destruction  in 
process  of  a  spheroplastic  production). 

Thus,  a  mathematical  models  complex  has  been 
developed  that  allows  to  conduct  the  studies  of  the 
IR  mechanical  impact  on  structures  having  high 
porous  materials  as  well  as  design  coverings  of 
spheroplastics  having  required  protective  proper¬ 
ties. 

The  work  is  being  conducted  with  the  RFBR  sup¬ 
port  grant  No.  99-01-01285. 
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CALCULATED-EXPERIMENTAL  EVALUATION  OF  ULTIMATE 
POSSIBILITIES  OF  ADHESIVE-MECHANICAL  JOINT  OF  GLASS- 
CERAMIC  AND  METAL  TUBES 


Kurakin  V.I.,  Railyan  V.S.,  Suzdal’tsev  E.I.,  Hamitsaev  A.S.,  Kolokolov  L.I. 

Federal  State  Unitary  Enterprise  “Obninsk  Research  and  Production  Enterprise 
“TECHNOLOGIYA”,  Obninsk,  Russia 


Lap-joining  of  the  tubes  by  means  of  elastic 
adhesive  seam  is  considered.  This  seam  was 
additionally  strengthened  mechanically  by  setting 
the  sector  keys  into  ring  cuts  made  in  both  tubes. 
The  key  joint  was  also  filled  with  the  elastic 
compound.  The  quality  of  joint  was  monitored  by 
X-ray  pictures. 

The  joint  is  exposed  to  the  complex  force  and  heat 
action,  and  the  level  of  loading  varies  up  to  the 
ultimate  carrying  power  of  the  joint  unit  or  one  of 
the  parts  being  joined. 

The  careful  tensometering  of  the  joint  unit  at 
various  loading  levels  and  with  a  variety  of  load 
application  methods  was  carried  out.  Comparison 
of  these  pictures  with  the  results  of  tensometering 
made  it  possible  to  determine  the  nature  of  total 
and  local  stressed  state  of  the  joint  unit  zone, 
which  in  turn  allowed  formulating  the  working 
hypothesis  for  the  creation  of  the  mathematical 
model  describing  the  stressed-strained  state  of  the 
tube  joint  zone  satisfactorily. 


It  should  be  noted  that  at  low  temperatures  the 
joint  unit  withstands  such  mechanical  loads  at 
which  the  failure  on  ceramic  tube  is  observed  due 
to  the  “normal”  work  of  the  adhesive  joint.  Key 
joint  doesn’t  work  under  such  conditions. 

If  the  temperature  goes  up  to  250-300°C,  the 
adhesive  loses  its  stiffness  characteristics,  admits 
of  great  (and  practically  unlimited)  deformation.  In 
this  case  the  “sole  mechanics”  begins  to  act,  i.e. 
only  the  key  joint  works,  and  adhesive  may  be 
neglected. 

Under  such  conditions  the  joint  carrying  power 
decreases,  the  contact  effects  manifest  themselves 
sharply,  asymmetrical  distribution  of  stressed 
along  the  circular  coordinate  is  observed,  which  is 
confirmed  by  the  experimental  studies  performed 
on  a  specially  manufactured  model  without  using 
the  adhesive.  The  methods  for  up-grading  the 
structure  are  proposed  which  increase  the  structure 
capability  to  transfer  higher  mechanical  loads  at 
high  temperatures. 
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In  latter  decades  considerable  attention  is  devoted 
to  questions  of  development  composite  coatings 
with  given  complex  of  properties  that  function  in 
extremal  conditions  of  external  medium.  Variation 
perfomance  of  the  problems  of  optimal  design 
composite  coatings  with  given  complex  of  the 
properties  is  investigated.  In  variation  perfomance 
the  problems  of  optimal  design  composite  coatings 
with  given  complex  of  the  properties  are 
formulated  as  a  problems  of  optimal  control 
complex  systems.  This  complex  systems  are 
descrip-ted  by  interconnection  totality  of  systems 
of  differential  equations.  Set  of  materials  for  the 
decision  problems  of  optimal  design  is  discrete. 
This  conduct  to  the  problems  of  optimal  control  of 
combinatoric  type.  All  totality  of  variables 
determinating  the  structure  composite  medium 
(physical  properties  of  layers,  thicknesses  of 
layers,  number  of  layers  and  also  total  thickness 
coating)  is  included  in  number  of  control 
parameters. 

Necessary  conditions  of  optimality  and  numerical 
procedures  of  optimization  are  developed, 
numerical  experiments  are  realized.  Different 
aspects  of  application  of  necessary  condition  of 
optimality  in  wave  problems  of  optimal  synthesis 
composite  structures  are  investigated.  Numerical 
procedures  of  optimization  on  the  base  necessary 
condition  of  optimality  are  developed.  This 
procedures  assume  need-variation  of  admissible 
decison  and  allow  to  realize  simultaneous  variaton 
all  parameters  that  determine  the  structure  of  layer 
coating:  physical  properties  of  layers,  thicknesses 
of  layers,  number  of  layers  and  also  total  thickness 
layer  system.  Accordingly  discretion  change  region 
of  values  of  row  control  parameters  corresponding 
to  physical  properties  of  finite  set  of  materials  is 
registered  effectively.  Constructive  analysis  of 
necessary  conditions  of  optimality  allow  to 
establish  row  of  qualitative  regularities  of  structure 
of  optimal  composite  coatings.  The  property  of 
inner  simmetry  in  strucrure  of  coatings  that  realize 


limit  possibilities  for  the  reaching  given  complex 
of  the  properties  is  established  [1-5].  The 
established  qualitative  regularities  of  optimal 
composite  construction  allow  apriori  to  realize 
effective  narrowing  admissible  set  variants  that  are 
analyzed  for  the  optimality.  And  also  admit  to 
prognose  optimal  structure  of  composite  coating. 

The  received  results  allow  to  realize  effective 
design  composite  coatings  with  before  given 
complex  of  the  properties. 

With  the  steadily  rising  requirements  for  the  shell 
design  it  becomes  increasingly  important  to  choose 
its  optimal  construction.  The  more  strong 
requirements  for  the  weidht  and  security  dived  rise 
the  concept  of  the  undangerous  damage 
construction.  This  concept  allowes  the 
undangerous  fatigue  crack  growth  before  detecting 
by  visual  inspection.  The  optimisation  of  the 
undangerous  damage  construction  is  more  complex 
task  because  of  the  next  causes:  it  is  necessary  to 
determin  the  residual  strength  after  cracking  and 
the  stress  intensity  factors  at  tips  of  standardized 
longitudinal  and  transverse  cracks;  it  is  necessary 
to  develope  the  method  of  nonlinear  mathematical 
analysis  wich  allowes  to  decide  this  task  in 
appropriate  time  with  the  most  accuracy. 

This  method  assumes  cylindrical  sealed  shells  to 
be  subjected  to  bending  moments,  shear  forces  and 
internal  pressure  and  composed  of  three  types  of 
cylindrical  panels.  An  optimum  design  is  to  be 
searched  within  a  class  of  stringer-stiffened 
monocoque  shells  where  none  of  skin  portions 
buckles  locally  under  ultimate  loads  [6-8].  The 
designed  method  synthesizes  optimum  pressure 
shell  contours  by  varying  a  cross  section  shape  and 
simultaneously  searches  for  optimum  structural 
concept  by  varying  the  number  of  load-carrying 
components  and  their  sizes. 
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The  optimization  is  made  with  due  account  of  the 
following  constraints:  for  static  strength,  for 
fracture  mechanics,  for  stiffness  characteristics  of 
pressure  shells  under  lateral  bending  and  under 
torsion.  The  natural  frequency  constraints  for  skin 
portions  of  side  panels  can  be  considered.  The 
limitations  are  considered  also  on  overall 
dimensions  of  a  cross  section  of  a  pressure  shell  as 
well  as  constraints  for  minimum  and  maximum 
allowable  values  of  optimum  design  parameters. 

Following  the  method  of  logarithmic  internal 
penalty  functions  the  problem  of  minimizing  the 
pressurized  shell  mass  with  constrains  reduces  to 
the  problem  of  unconstrained  minimization  for  an 
auxiliary  objective  function.  The  designed  method 
has  made  it  possible  to  decrease  the  weight  of  three 
types  of  pressurized  fuselage  sections  of  aircrafts 
by  9-14%  in  comparison  with  models  carefully 
designed  with  conventional  methods  at  three 
different  design  bureaus. 
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The  E.O.Paton  Electric  Welding  Institute 
developed  the  technology  for  pulse-plasma 
treatment  of  materials,  which  allows  different 
methods  of  affecting  the  workpiece  surface,  such 
as  elasto-plastic  deformation,  effect  by  sound  and 
pulsed  magnetic  field,  heat  and  electric-pulse 
treatment  and  deformation  of  metals  and  alloys 
during  the  process  of  reversible  (a*->y) 
transformations,  to  be  simultaneously 
implemented. 

Non-stationary  detonation  conditions  of 
combustion  of  fuel  gas  mixtures  were  used  for 
formation  of  high-power  plasma  jets. 

Energy  parameters  of  the  non-stationary 
detonation  combustion  products  (pulse-plasma  jet) 
can  be  determined  by  solving  the  known  two- 
dimensional  non-stationary  problem  of 
propagation  of  the  detonation  wave  in  the  electric 
field  between  two  co-axial  electrodes.  To  derive  a 
numerical  solution,  the  problem  was  simplified, 
and  the  mean  values  of  temperature,  velocity, 
pressure  and  density  of  the  combustion  products 
along  the  axis  of  the  electrodes  were  determined 
without  allowance  for  their  variations  across  the 
section  [1]. 

The  plasmatron  consists  of  detonation  chamber  1 , 
where  the  fuel  gas  mixture  is  formed  and  its 
detonation  combustion  is  initiated,  central 
electrode  -  anode  2,  conical  electrode  -  cathode  3, 
consumable  electrode  4  and  power  supply  5 
(figure.  1). 

Energy  characteristics  of  the  plasma  jets  at  the 
exit  from  the  plasmatron,  calculated  from 
theoretical  formulae,  have  a  linear  dependence 
upon  the  electric  field  intensity  and  inter-electrode 
length.  Plasma  jet  can  have  temperature  of  15000 
K  and  velocity  of  5  km/s. 

Experimental  evaluation  of  characteristics  of  the 
plasma  jet  was  carried  out  using  an  industrial 
plasmatron  with  an  inter-electrode  gap  200  mm 
long.  The  time-averaged  temperature  of  the 
plasma  jet  was  determined  by  the  results  of 
spectral  analysis  of  the  jet.  The  temperature  of  the 
plasma  was  determined  by  a  relative  intensity  of 
iron  lines.  Plasma  radiation  spectra  integrated  by 
time  showed  that  temperature  of  the  plasma  at  the 
plasmatron  exit  was  15000-20000  K. 


Structure  of  the  plasma  jet  is  characteristic  of  a 
supersonic  mode  with  the  under-expanded  flow  of 
the  jet  and  corresponds  to  the  detonation  character 
of  operation  of  the  plasmatron,  at  which  pressure 
in  the  chamber  can  be  much  in  excess  of  the 
atmospheric  one.  The  pattern  of  interaction  of  the 
plasma  jet  with  a  barrier  is  characterized  by  the 
presence  of  jet  and  region  of  the  shock- 
compressed  layer  (SCL). 


CjH*o2  air 


Fig.  1.  Schematic  of  plasmatron  for  pulse-plasma 
treatment  (designations  of  positions  are  given  in 
the  text) 


After  break-down  of  SCL  the  electric  current  will 
flow  along  the  plasma  jet  from  the  central 
electrode  in  the  plasmatron  to  the  workpiece 
surface.  Density  of  the  electric  current  in  the 
plasma  jet,  j,  is  (l-7)-103  A/cm2  and  temperature  T 
is  15000-30000  K.  The  heat  flow  into  a  workpiece 
depends  upon  the  current  density  and  varies 
within  a  range  of  q=  (0. 1-5.0)- 106  W/cm2. 
Evaluation  of  heat  flows  was  done  on  the  basis  of 
theoretical  analysis  of  the  non-stationary  equation 
of  thermal  conductivity  through  thickness  of  the 
hardened  layers  of  steels  of  the  martensitic  grade 
[2,  3]. 

The  time  of  interaction  of  the  plasma  pulse  and  its 
energy  parameters  were  controlled  by  varying 
capacitance  C  of  the  capacitors,  voltage  UCharge  at 
plates  of  the  capacitor  bank,  inductance  L  in  the 
discharge  circuit,  distance  B  to  the  workpiece 
surface  and  variation  in  size  of  the  active  spot  of 


57 


SECTION  A. 

^[NCIPLES^OF^ESIGNINGjl^TERIALS^Np  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


interaction  of  the  plasma  jet  with  the  workpiece 
surface. 

The  experiments  indicated  that  at  the  initial 
moment  the  workpiece  surface  is  in  elasto-plastic 
interaction  with  a  shock  wave  and  the  pulsed 
plasma  jet.  Then,  at  break-down  of  SCL  the 
surface  is  affected  by  the  electric  current 
(amplitude  value  of  the  current  is  1-5  kA,  time  of 
interaction  is  0.3-0.8  msec).  This  results  in  a 
formation  of  the  pulsed  magnetic  field  with  an 
intensity  of  up  to  1,6- 105  A/m.  Further  on  (within 
3-5  ms)  the  surface  will  be  affected  by  the  flows 
of  the  combustion  and  electrode  erosion  products. 

As  indicated  by  the  experiments  and  shown  by  the 
calculation  data,  treatment  of  the  workpiece 
surface  by  the  pulsed  plasma  containing  alloying 
elements  is  accompanied  by  a  complex  (thermal, 
electromagnetic  and  deformation)  pulsed  effect. 
This  provides  alloying  of  the  workpiece  surface 
with  components  of  the  plasma  and  hardening  of 
this  surface.  Alloying  elements  are  added  into  the 
plasma  in  the  form  of  metal  electrode  (rod) 
erosion  products  and  gas  (propane,  nitrogen). 

Pulse-plasma  treatment  of  a  workpiece  of  iron- 
based  alloy  results  in  the  formation  of  a 
microcrystalline  alloyed  layer.  Structure  of  the 
layer  depends  upon  the  plasma  composition  and 
quantity  of  the  treatment  pulses.  Composition  of 
the  plasma  is  determined  by  a  oxidizer  to  fuel 
ratio  [4]. 

The  highest  value  of  microhardness  of  the 
hardened  layer  on  samples  of  steel  U-8,  which 
were  preliminarily  subjected  to  quenching  and 
high  tempering,  was  chieved  in  the  case  of  using 
tungsten  and  molybdenum  electrodes  (Figure  2). 
Treatment  was  performed  without  surface 
melting,  specific  power  of  the  jet  was  MO6 
W/cm .  Microhardness  was  measured  on 
transverse  sections  using  the  PMT-3  hardness 
meter.  The  Knoop  diamond  pyramid  was  used  for 
the  measurements.  The  load  on  the  pyramid  was  1 
N. 

X-ray  phase  analysis  of  the  pulse-plasma 
hardened  layers  on  samples  of  carbon  steels 
detects  widening  of  the  -Fe  lines  and  emergence 
of  the  Fe  residual  austenite  lines.  An  increase  in 
the  number  of  pulses  favours  further  widening  of 
the  G-Fe  lines  with  a  decrease  in  their  intensity,  as 
well  as  an  increase  in  the  relative  intensity  of  the 
11 -Fe  lines.  Comparison  of  the  intensities  of  the 
residual  austenite  and  ferrite  lines  shows  that  the 
amount  of  austenite  under  the  same  treatment 
conditions. 


Fig.  2.  Distribution  of  microhardness  in  the 
hardened  layer  of  a  sample  of  iron  alloy  (0.8  %C) 
after  pulse-plasma  treatment  using  different 
electrodes;  h  -  layer  thickness 

Pulse-plasma  hardening  of  the  tools  at  the  Open 
Stock-Holding  Company  "Cherepovets  Steel- 
Rolling  Plant"  is  done  using  an  upgraded  milling 
machine  tool  [5],  Metal  cutting  tools,  dies  and 
punches  for  hot  and  cold  deformation  of  metal 
were  subjected  to  hardening.  Prior  to  hardening, 
the  parts  were  subjected  to  standard  heat  treatment 
and  machining.  Pulse-plasma  treatment  was  used 
as  a  final  operation.  Hardening  was  done  only  to 
surfaces  of  cutting  edges  of  the  tools.  The 
experience  of  commercial  application  showed  that 
performance  of  the  tools  increased  2-6  times. 
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THE  STRUCTURE  AND  PROPERTIES  OF  A  HARD  ALLOY  COATING 
DEPOSITED  BY  HIGH-VELOCITY  PULSED  PLASMA  JET  ONTO  A 

COPPER  SUBSTRATE 
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Using  a  plasmatron  operating  in  specially 
calculated  regimes,  tungsten  carbide  (WC)  based 
coatings  were  deposited  onto  a  copper  crystallizer 
plate.  It  was  found  that  a  local  hardness  of  the 
WC-Co  coating  may  reach  up  to  1.3  x  104  N/mm2 
and  the  coating  adhesion  to  substrate  may  be  as 
high  as  270  MPa.  The  elemental  and  phase 
compositions  of  coatings  were  studied  by 
Rutherford  backscattering  spectroscopy.  X-ray 
diffraction,  and  transmission  electron  microscopy 
with  electron  diffraction.  The  surface  morphology 
and  depth-composition  profiles  of  the  coatings 
were  studied  by  optical  and  scanning  electron 
microscopy.  The  coating  is  composed  of  WC 
crystal  grains  with  hexagonal  close  packed  (hep) 
lattice,  a-  and  |3-Co  grains,  and  cubic  WC  grains. 
The  average  size  of  the  hep  WC  grains  is  0.15  pm 
and  that  of  the  cobalt  particles  is  about  25  nm.  In 
addition,  the  grain  boundaries  contain  W3CO3C 
particles  with  an  average  size  of  15  nm. 

Pulsed  beams  of  charged  particles  and  plasmas 
have  been  extensively  used  for  the  surface 
modification  of  various  materials  since  the 
beginning  of  1980  year  [1-2].  The  action  of  such 
concentrated  energy  fluxes  upon  a  solid  sample 
leads  to  a  high-rate  (10'3  -  10'8  s)  heating  of  the 
surface  layer  followed  by  its  rapid  quenching  with 
a  fast  heat  removal  in  depth  of  the  processed 
target.  As  a  result,  the  target  material  exhibits 
significant  structural  and  phase  transformations, 
including  the  formation  of  metastable  phases, 
dispersed  nanoinclusions,  amorphous  layers,  and 
high  densities  of  dislocations  and  nonequilibrium 
point  defects  frequently  accompanied  by  the  ion- 
beam-induced  mixing  [2-4].  Pulsed  energy  fluxes 
are  also  employed  for  depositing  thin  films, 
applying  coatings,  and  obtaining  dispersed  nano¬ 
particle  powders  [4].  In  particular,  by  introducing 
a  WC-Co  powder  (VK-12  grade)  into  a  pulsed 
high-velocity  plasma  jet,  one  may  obtain  a  coating 
of  this  composition  with  good  adhesion  to  a 
copper  crystallizer  plate  (solving  this  task  is 
important  for  the  molding  technology). 

The  sample  coatings  were  prepared  using  a  pulsed 
plasmatron  supplied  with  a  VK-12  powder  with 


an  average  particle  size  of  35-56  pm.  Using 
preliminary  mathematical  modeling  and  variation 
of  the  plasmatron  parameters,  nozzle  geometry, 
the  distance  from  the  nozzle  to  substrate  surface, 
and  the  reaction  chamber  dimensions,  we 
determined  optimum  values  of  the  pulsed  plasma 
jet  velocity,  plasma  temperature,  and  optimum 
nozzle  to  substrate  spacing.  These  parameters 
were  as  follows:  jet  plasma  temperature,  2,4  x  104 
K;  jet  velocity,  ~7  km/s;  jet  power  density,  up  to 
107  W/cm2;  nozzle  to  substrate  spacing,  30  mm. 
The  gas  mixture  components  and  powdered 
material  were  supplied  to  the  plasmatron  in  a  con¬ 
tinuous  regime.  The  jet  pulse  duration  was  0.3  ms. 
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Fig.  1.  RBS  He4+  spectrum  of  a  WC-Co  coating  on  a 
copper  crystallizer  surface. 
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Fig.2.  X-ray  difffactogram  (CuK0  radiation;  Sunya, 
Japan)  of  a  WC-Co  coating  deposited  by  a  pulsed 
plasma  jet  onto  a  copper  crystallizer  surface. 

Figure  1  shows  the  Rutherford  backscattering 
(RBS)  spectrum  of  He+  ions  for  a  tungsten 
carbide-cobalt  coating.  As  is  seen,  the  spectrum 
displays  the  peaks  of  tungsten  and  oxygen  and  a 
kinematic  threshold  of  Co.  The  relative  content 
of  Co,  W,  C,  and  O  in  the  surface  layer  with  a 
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thickness  of  2.8  pm  corresponded  to  the 
following  composition:  WC89;  Co8;  C2;  02.  Note 
that  the  concentration  of  tungsten  on  the  film 
surface  was  very  small  (~1  at.  %),  while  the 
carbon  concentration  reached  30  at.  %.  As  is 
known  [5-8],  the  tungsten  carbide  films  deposited 
by  the  HVOE  and  HEP  techniques  are 
characterized  by  the  tungsten  content  increased 
up  to  84.38  and  87.98%,  respectively.  This  may 
even  be  accompanied  by  the  partial 
amorphization  of  complex  phases  at  the  carbide 
and  cobalt  grains.  The  cobalt  content  also 
changed  to  reach  12.98%  (HVOE)  and  9.22% 
(HEP),  while  the  carbon  concentration  decreased 
from  4.09%  in  the  initial  powder  to  2.5% 
(HVOE)  and  2.52%  (HEP).  In  our  case,  the 
coating  contained  phases  which  were  mostly 
present  in  the  initial  powder,  although  some  other 
phases  formed  in  the  course  of  rapid  quenching 
appeared  as  well. 


I  :'*1 


Fig.  3.  Micrograph  of  the  transverse  cross  section  of  a 
WC-Co  coating  on  a  copper  substrate  with  indenter 
pyramid  marks:  (1)  in  the  middle  of  the  coating;  (2) 
near  the  film-substrate  interface;  (3)  at  the  film- 
substrate  interface. 

The  X-ray  diffraction  analysis  performed  on  a 
DRON-3  diffractometer  using  AT„-Cu  radiation 
showed  that  the  main  phase  in  the  coating  was 
WC  with  an  hep  lattice.  The  presence  of  other 
phases  was  evidenced  by  reflections  in  the  37°- 
47°  angular  interval  (Fig.  2).  Unfortunately,  the 
diffraction  peaks  observed  in  this  interval 
exhibited  overlap,  hindering  the  identification  of 
phases. 

The  interplanar  spacings  calculated  for  the 
reflections  that  could  be  resolved  suggested  the 
presence  of  the  following  phases:  W2C,  Co7W6, 
Co3W,  W,  and  Co.  Complex  phases  occurring  in 
the  intergranular  regions  may  be  amorphous,  in 
agreement  with.  This  state  is  explained  by  a  high- 
temperature  cycle  involved  in  the  coating 
formation. 

Additional  analysis  of  the  sample  structure  and 


phase  composition  was  performed  with  the  aid  of 
the  transmission  electron  microscopy  with 
electron  diffraction.  According  to  these  data,  the 
coating  has  a  poly-crystalline  structure  including 
grains  of  the  hep  WC  phase  and  the  cubic  a-Co,  0- 
Co,  and  WC  phases.  The  average  size  of  the  hep 
WC  grains  is  0.15  pm  and  that  of  the  cobalt 
particles  is  about  25  nm.  In  addition,  the  grain 
boundaries  contain  W3Co3C  particles  with  an 
average  size  of  15  nm.  A  dislocation  substructure 
was  observed  inside  the  cubic  WC  grains. 

Figure  3  shows  a  micrograph  of  the  transverse 
cross  section  of  a  WC-Co  coating  with  prints  of  a 
diamond  indenter  pyramid  used  for  the 
microhardness  measurements  (scale:  1  cm  ~  200 
pm).  As  is  seen  from  this  image,  the  coating 
contains  local  regions  possessing  significantly 
different  microhardnesses  (ranging  from  8  x  103 
to  1.3  x  104  N/mm2).  The  adhesion  of  coating  to 
substrate  was  determined  for  the  films  deposited 
onto  M-00  grade  copper  plates.  This  characteris¬ 
tic,  determined  after  about  ten  measurements  of 
the  groove  made  by  a  diamond  pyramid  scribing 
the  sample  surface,  was  calculated  by  the  formula 
Hu  =  4P/b2  (here  P  is  the  load  and  b  is  the  groove 
width).  The  results  of  these  measurements  showed 
that  the  adhesion  is  on  the  average  250  MPa 
(ranging  from  2 1 0  to  280  N/mm2). 
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EVALUATION  OF  THE  STRESSED  -  STRAINED  STATE  OF  THIN  - 
WALLED  SHELLS  USING  READINGS  OF  THE  SENSOR  OF 
DISPLACEMENT  AT  THERMAL  LOADING 
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The  most  effective  method  for  estimation  of  the 
stressed  -  strained  state  (SSS)  of  the  constructions 
is  to  use  tenso  -  resistors.  Their  work  is  based  on 
the  tenso  -  effect,  consisting  in  sensor  resistance 
change  when  deformed.  When  the  sensor  heat  up, 
the  estimation  of  SSS  becomes  difficult,  because  it 
is  not  easy  to  separate  changes  in  resistance, 
caused  by  heating,  from  changes,  caused  by 
deformation  of  the  surface.  Conventional  methods 
of  accounting  for  thermal  characteristics  cannot 
properties  of  the  material  of  the  sensitive  element 
in  the  sensor  and  whose  of  the  the  surface  and 
substantial  heating. 

Use  of  displacement  sensor,  measuring  the 
movements  in  meridional,  circumferential  and 


radial  directions,  where  sensitive  elements  are  at 
the  distance  from  the  heated  surface  and  which 
design  allows  for  providing  of  sufficient  cooling, 
which  in  is  turn  ,  provides  constant  temperature  of 
sensitive  element,  make  it  possible  to  obtain 
objective  information  about  the  field  of 
displacement  on  the  inner  surface  of  the  shell  to 
the  field  of  deformations  of  the  whole  shell. 

The  allgorithm  is  offered  for  the  transition  from 
the  measured  transition  from  the  masured 
displacement  to  the  fields  of  deformations  for  the 
whole  shell.  Check  on  the  testing  samples  showed 
good  precision  of  the  offered  algorithm  and  errors 
stability  in  estimation  of  displacements. 
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COATINGS  FOR  THE  SIMULATION  OF  TEMPERATURE  FIELDS 
DURING  THE  GROUND-BASED  TESTS  OF  THE  CERAMIC 
COMPONENTS  FOR  FLYING  VEHICLES 
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The  analysis  of  the  validity  of  temperature  field 
specification  during  the  ground-based  tests  of  the 
flying  vehicle  components  in  the  radiation  heating 
plant  shows  that  the  magnitude  of  AT  error  mainly 
depends  on  the  geometrical  dimensions  of  the 
infrared  heaters  and  on  the  variation  of  the  optical 
parameters  of  the  surface  being  heated, 
temperature  detectors  and  reflecting  screen.  This 
component  of  the  temperature  field  error  can  be 
reduced  in  two  ways: 

through  the  reduction  in  the  geometrical 
dimensions  of  the  heaters  and  thus  the  increase  in 
the  number  of  the  heating  zones; 

-  through  the  use  of  coatings  with  a  varying 
extent  of  blackness. 


heat-resistance  tests  of  nonmetallic  fairings  have 
been  theoretically  substantiated.  The  coating 
makes  it  possible  to  decrease  the  error  of 
specification  of  the  radiation  heating  field  in  the 
range  20  to  2000°C  by  a  factor  of  three. 

The  coating  in  question  is  based  on  the  high- 
temperature  oxides  of  chromium,  silicon  and 
aluminium.  After  heating  the  coating  is  easily 
removed  from  the  surface  being  tested  which 
allows  one  to  investigate  the  dielectric  properties 
of  the  shell  material. 

The  formula  for  the  temperature  field  correction  at 
any  point  on  the  surface  being  heated  has  been 
deduced.  The  results  of  the  experimental  studies 
with  the  use  of  coatings  with  the  controlled  extent 
of  blackness  are  given  in  the  paper. 


The  method  and  the  composition  of  the  coating  for 
the  simulation  of  temperature  fields  during  the 
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ETHYLENE-HEXAFLUOROPROPENE  COPOLYMER  AS  BASIS  OF 
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Many  industry  branches  lately  increase  their  need 
in  protective  coatings  stable  in  aggressive  media  at 
high  temperatures.  This  need  is  generally  due  to 
strict  requirements  of  ecological  safety  as  well  as 
industrial  technologies  power  consumption 
decreasing. 

User  generally  makes  a  complex  of  strong 
demands  to  the  same  polymer  coating  including 
stability  in  aggressive  media,  electrochemical 
corrosion  stability  and  heat  resistance.  Such  a 
demand  complex  makes  fluorine-containing 
polymers  the  most  suitable  material  as  a  basis  of 
protective  coatings.  Higher  price  of  fluorine- 
containing  polymers  as  compared  to  the 
hydrocarbon  polymers  should  not  prevent  from  its 
application  in  the  areas  where  high  reliability  is 
the  main  guideline. 

Fluorine-containing  polymers  can  be  divided  into 
fluoroplasts  and  fluoroelastomers  according  to 
their  elastic  properties.  Rheological  characteristics 
show  that  fluoroplasts  are  thermoplasts.  They  have 
a  minimal  diffusion  permeability  that  causes  many 
attempts  of  their  using  as  the  protective  coatings. 
Best  fluoroplast  coatings  usually  can  be  applied 
from  the  polymer  melt.  This  method  requires  the 
heating  of  the  protected  surface  up  to  300  -  350  °C 
that  constricts  the  area  of  its  practical  application. 

Fluoroelastomers  unlike  fluoroplasts  contain  in 
polymer  chains  the  units  provided  the  high  elastic 
properties.  Fluoroelastomer  based  films  are 
practically  not  inferior  to  fluoroplasts  in  their 
chemical  resistance.  In  respect  to  protective 
coating  application  method  fluoroelastomers  are 
preferable  due  to  their  ability  to  form  the  films 
from  polymer  solutions  in  volatile  solvents. 
Moreover,  mechanical  properties  of  such 
fluoroelastomer  coatings  are  much  higher  as 
compared  to  fluoroplast  films.  Most  prevalent 
fluoroelastomer  material  for  protective  coatings 
are  the  copolymers  of  vinylidene  fluoride  with 
some  perfluorinated  unsaturated  compounds.  The 
main  disadvantage  of  these  polymers  is  in  their 
low  resistance  in  polar  and  nucleophilic  media. 
Copolymers  of  ethylene  with  perfluorinated  alkyl 
vinyl  ethers  (PFAVE)  synthesized  by  the  authors 
do  not  have  this  weakness.  Nevertheless,  the 


shortage  of  PFAVE  and  their  high  price  hinder  the 
PFAVE  based  copolymers  from  their  wide 
application. 

High-molecular  copolymer  of  ethylene  with 
hexafluoropropene  (EHP)  synthesized  by  the 
authors  has  much  lower  price  as  compared  to 
PFAVE  based  polymers. 

'H  and  19F  NMR  study  shows  that  EHP  backbone 
structure  is  near  to  alternant  and  can  be  controlled 
by  the  polymerization  conditions. 

Experiment  shows  that  EHP  has  practically  the 
same  high  stability  in  aggressive  media  like 
ethylene-PFAVE  copolymers  and  much  more 
stable  than  vinylidene  fluoride  based  analogs. 

Table  1 


Swelling  of  EHP  and  vinylidene  fluoride  based 
copolymers  in  some  liquid  media 


Media 

Swelling,  % 

EHP 

filled 

EHP 

Viton 

A 

Viton 

B 

Tetrahydro- 

35 

11 

200 

190 

furane 

Acetone 

15 

7 

200 

175 

Ethyl  acetate 

17 

10 

230 

250 

Heptane 

3 

2.7 

Dimethyl- 

6 

3.5 

formamide 

Acetonitryle 

15 

12 

Decane 

6 

3 

H2S04  (98%) 

2 

3.1 

HN03  (57%) 

2.3 

3.3 

HC1  (31%) 

1.5 

3.2 

h2o 

1.5 

2 

H20  +  K2Cr207 

1.5 

2 

(5%) 

H20  + 

3 

K2S208  (5%)  + 

AgNCb 

(0.01%) 

H20  +  NaOH 

2.5 

2.9 

* 

* 

(20%) 

*  complete  destruction 

Special  attention  should  be  paid  to  the  solvent 
selection  at  films  preparation  since  the  solvent 
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thermodynamic  quality  is  one  of  the  most 
important  factors  determining  the  formed  films 
properties. 

EHP  chemical  structure  features  substantially 
constrain  the  range  of  potential  solvents.  It  is 
known  that  vinylidene  fluoride  based  copolymers 
have  the  limitless  swelling  in  polar  solvents  (e.g., 
in  acetone)  whereas  EHP  swelling  level  does  not 
exceed  15  -  20%  (see  Table  1).  Two  most 
appropriate  solvents  for  EHP  films  forming  are 
hexafluorobenzene  and  1, 1,2-trifluoro- 1,2,2- 
trichloroethane  (Freon-1 13).  We  used  the  last  one 
in  our  study  due  to  its  low  cost. 

The  most  important  characteristic  of  protective 
coatings  is  their  diffusion  permeability  in  respect 
to  various  environment  components.  Such  data  for 
EHP  under  study  were  obtained  by  means  of 
inversed  gas  chromatography  method.  Table  2 
displays  the  EHP  calculated  values  of  diffusion 
and  permeability  coefficients  for 
hexafluorobenzene  (thermodynamically  ‘good’ 
solvent)  and  cyclohexane  (thermodynamically 
‘bad’  solvent).  Also  Table  2  displays  for  the 
comparison  purposes  the  diffusion  and 
permeability  coefficient  values  of 
polydimethylsilicone  (PDMS)  in  respect  to  the 
same  sorbates.  Permeability  coefficients  were 
calculated  according  to  the  well-known  expression 
P  =  D*S,  where  S  is  the  solubility  coefficient 
calculated  from  the  inversed  gas  chromatography 
data. 


Table  2 

Diffusion  coefficient  D  (cm3*s)  and  permeabil¬ 
ity  coefficient  P  (cm3*m*cm'2*s*atm)  for  EHP 
and  PDMS  at  20  °C 


Sorbate 

EHP 

PDMS 

D*108 

p*108 

D*108 

P*108 

Hexafluoro¬ 

benzene 

0.082 

3.6 

0.473 

9.3 

Cyclohex¬ 

ane 

0.127 

1.2 

0.278 

10.6 

1 

i 

Table  2  data  analysis  shows  that  EHP  has  a  typical 
for  the  ethylene  based  copojymers  feature  - 
relatively  high  diffusion  permeability  regarding  the 
hydrocarbons.  High  diffusion  permeability  of  EHP 
is  a  drawback  within  the  framework  of  this  study, 
though  the  above-mentioned  EHP  feature  gives  a 
good  chance  to  apply  EHP  as  a  material  for 
permselective  membranes. 


Obvious  approach  to  films  diffusion  permeability 
reduction  consists  in  using  of  filled  systems.  We 
have  chosen  as  a  filling  agent  the  ultradisperse 
carbon  nano-particles  obtained  with  detonation 
synthesis.  Filled  materials  have  been  prepared  by 
means  of  solution  technology  where  dry  powder  of 
filling  agent  was  dispersed  into  EHP  solution  in 
l,l,2-trifluoro-l,2,2-trichloroethane.  It  was  found 
that  using  of  nanodisperse  carbon  particles  without 
preliminary  treatment  causes  an  appreciable 
deterioration  of  protective  properties  of  the 
coatings  as  well  as  of  their  mechanical  properties. 
We  suppose  that  this  deterioration  is  due  to  the 
aggregation  of  nanodisperse  carbon  particles  as  a 
result  of  their  high  surface  energy.  Aggregation 
processes  do  not  allow  achieving  the  uniform 
particles  distribution  in  the  whole  volume  of 
polymer  matrix  that  causes  cracking  of  the  coating 
surface. 

Authors  have  found  the  method  of  chemical 
modification  of  the  nanodisperse  carbon  particles 
that  substantially  increases  the  affinity  of  particles 
surface  to  the  solvent  and  decreases  the 
aggregation  processes.  Application  of  the 
suggested  method  allows  forming  the  EHP  based 
coatings  with  high  protective  properties  as  well  as 
with  appropriate  mechanical  properties. 
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MANUFACTURE  OF  CONTAINERS  RESISTANT  TO  MOISTURE, 
BIOLOGICAL  THREAT  AND  RADIATION,  FOR  THE  PACKING  AND 
BURIAL  OF  SOLID  NUCLEAR  WASTE 

Demichev  V.I.,  Meleshko  A.I. 

Scientific-manufacturing  association  “Kompozif Korolev,  Russia 


One  of  the  most  serious  global  problems 
connected  with  environmental  issues  is  that  of 
pollution  caused  by  nuclear  waste. 

In  Russia  the  current  practice  is  to  pack  solid 
nuclear  waste  in  stainless  steel  barrels  before 
buiying  it  in  chambers  which  are  faced  with 
cement  and  covered  in  bitumen.  This  method  has 
the  following  disadvantages: 

bitumen  presents  a  fire  risk  and 
is  subject  to  biological  degradation; 

cement  cracks,  allowing  both 
water  from  the  atmosphere  and  the  soil 
to  seep  in; 

exposure  to  moisture, 
microorganisms  in  the  soil  and  the 
corrosion  process  caused  by  the  effects 
of  radiation  mean  that  the  barrels  have 
an  expected  life  of  20  —  25  years. 

At  “Kompozit”,  the  joint-stock  company  and 
scientific-manufacturing  association,  research  has 
been  carried  out  regarding  how  moisture, 
radiation,  and  biological  factors  affect  polymer 
composite  material  (PCM).  Research  using  the 
Fik  equation  for  total  saturation  time  has 
confirmed  the  potential  application  of  PCM.  The 
total  saturation  time  for  PCM  with  a  diffusion 
ratio  of  10  “*  and  a  plate  thickness  of  20mm  is 
116  years,  while  for  PCM  with  a  diffusion  ratio  of 
2.10  ~10  and  a  plate  thickness  of  100mm  is  144 
years.  The  results  of  environmental  testing  show 
that  in  corrosive  conditions  PCM  will  be 
serviceable  for  over  1 00  years. 

It  is  suggested  that  fibre-glass  reinforced  plastic 
and  basalt  reinforced  plastic  should  be  used  to 
develop  containers  for  the  packaging  of  nuclear 
waste:  fibre-glass  reinforced  plastic  is  the  most 
thoroughly  researched,  cheapest,  and  most  widely 
produced  material,  while  basalt  reinforced  plastic 
has  a  higher  density  and  is  more  resistant  to 
corrosion. 

In  choosing  fibre-glass  reinforced  plastic  the 
matrix  material  is  of  great  importance.  The 


binding  material  should  satisfy  the  following 
conditions: 

radiation  resistance  of  not  less 
than  10  7  rad; 

a  moisture  diffusion  ratio  of  not 
more  than  10  ~ 9  —  10  10  cm2/sec; 

resistance  to  fungi  and  bacteria. 

In  accordance  with  these  requirements  an 
epoxyphenol  (3HOE)  binder  was  chosen.  It  is 
strong  and  has  high  technical  specifications. 

The  structural  framework  of  the  container  has 
been  developed  using  T 10-80  glass  cloth  and  an 
(3Hd>E)  binder.  The  containers  are  produced  in 
sections  using  vacuum  autoclave  moulding. 
Experimental  models  have  been  produced  and 
tested  by  burying. 

The  vessel  is  a  cylindrical  shell  20mm  thick,  with 
a  diameter  of  500mm.  The  specifications  of  plates 
made  from  glass  cloth  are  as  follows: 

E  =  2700  kg(f)/mm2 
o  =  56  kg(f)/mm2 

Critical  load  leading  to  loss  of  stability: 

T'kp  =  2tcKE82; 

where  K  =  0.3  —  ratio  of  stability; 

T'Kp=6.28  0.3-2700-202=  19963.35  kN 

Critical  load  leading  to  compression  of  the 
container; 

T"kp  =  tF 

where  F=  JtdS  -  sectional  area 
T"  Kp=  56-3.14  -500-20  =  17246  kN 

It  is  intended  that  the  fibre-glass  reinforced  plastic 
containers  will  be  supplied  with  hermetic  lids 
rather  than  the  type  normally  used  with  metal 
containers.  The  hermetic  joint  between  the  lid  and 
the  container  means  that  it  will  be  possible  to 
manufacture  the  containers  as  a  single  unit  by 
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using  excess  compound  to  fill  up  the  container  of 
solid  nuclear  waste.  At  the  same  time  this  ensures 
that  the  clearance  between  the  lid  and  the 
container  is  as  small  as  possible.  Such  containers 
provide  a  reliable  method  of  packing  nuclear 
waste  of  low  or  medium  specific  activity  for 
burial.  Using  containers  made  of  PCM  is 
substantially  cheaper  than  using  those  made  of 
stainless  steel,  both  in  terms  of  man  hours  spent 
and  the  price  of  the  containers. 

Calculations  show  that  the  strength  of  cylindrical 
containers  made  of  basalt  is  somewhat  lower  than 
that  of  containers  made  of  fibre-glass  reinforced 
plastic,  but  they  still  meet  requirements.  Basalt 
has  higher  heat,  chemical  and  water  resistance 
indices,  higher  dielectric  properties  and  does  not 
contribute  to  air  pollution. 

In  order  to  improve  radiation  resistance  the 
production  of  a  hybrid  structural  PCM  has  been 
developed.  The  material,  which  is  reinforced  with 
glass  cloth,  consists  of  a  thermoactive  polymer 
base  which  contains  a  densely  dispersed 
(BbicoKoaHcnepcHbiH)  filling  agent.  The  filling 
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agent  is  finely  dispersed  (TOHKo/tHcnepcHbifi)  (4  - 
10  microns)  tungsten.  Production  engineering 
means  that  the  filling  agent  can  be  between  30% 
to  80%  by  volume.  This  increases  radation 
resistance,  ensuring  a  long  life  together  with  high 
strength  and  structural  specifications.  The  limit  of 
stability  of  the  above  material  under  compression 
is  200  -  400  mega  Pascals.  As  radiation  testing  of 
experimental  models  at  NPO  “Radon”  have 
shown,  the  attenuation  ratio  of  the  material  under 
research  is  3-7.  If  the  material  is  70%  filling  agent 
and  1 0mm  thick  then  the  attenuation  ratio  is  3.8. 

It  is  suggested  the  radiation  permeability  of  the 
container  shells  can  be  controlled  by  varying  the 
quantity  of  material  with  low  radiation 
permeability.  In  such  a  case  the  container  is 
produced  in  two  parts;  an  outer  and  an  inner  wall 
made  of  fibre-glass  reinforced  plastic  3  -  5  mm 
thick,  with  a  4  -  10  mm  clearance  between  the 
two.  The  gap  is  filled  by  a  filling  agent  such  as 
lead  shot,  microspheres,  powder  or  suchlike, 
which  is  distributed  throughout  the  compound  or 
binding  material. 
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The  theoretical  conditions  for  reception 
gradient  and  composite  of  a  matrix  and  skeletal 
type  coatings  have  been  developed.  The  intense 
state  which  arises  within  the  friction  in  such 
structures,  have  been  investigated  and  their  gabitus 
is  a  matrix  layer  with  in  regular  distributed  and 
normally  orientated  formation  by  pillar  formations. 
The  tenacity  distribution  into  a  layer  depth  on  a 
metal  matrix  model  containing  continuous  fibers 
have  been  investigated  to  determine  the  evaluation 
of  stress  concentration  in  the  matrixes  with  their 
mechanical  properties  including  the  interaction  of 
components  in  the  composition  if  a  transitive  zone 
is  present. 

The  character  of  stress  state  in  the 
composition  loaded  by  a  friction  and  sliding  forces 
have  been  investigated  on  a  model  with  such 
circular  zone  between  a  matrix  and  a  filling 
according  to  known  law  of  mechanical  properties 
changing  only  in  the  normal  direction  from  the 
matrix  boundary-line  with  a  filling. 

It  have  been  shown,  that  the  kind  of 
dependence  and  distribution  of  local  stress  fields  in 
composition  from  a  loading  kind  of  chosen 
elementary  volume  with  typical  gabitus,  may  have 
3  structural  types  of  a  transitive  zone,  which  is 
formed  as  a  result  diffusion  interaction  of  a  matrix 
material  and  filling  according  to  the  equilibrium 
diagram,  of  such  systems.  The  knowledge  of  stress 
distribution  in  stratification  gives  by  an 
opportunity  of  creation  of  coverings,  in  which  the 
rule  of  a  positive  gradient  on  opportunity  of 
coating  creation  in  which  the  rule  of  positive 
properties  is  realized. 

These  it  is  a  new  and  most  expedient  for 
formation  in  tribocontact  zone  a  friction  pair  of 
gradient  composite  matrix  filled  layer  with 
following  mechanical  hart  treatment  in  vacuum, 
protective  medium,  diffusion  infiltration  and 
eutectic  melting,  including  different  concentrated 


energy  sources  (solar,  laser,  HBH).  Such  coverings 
were  formed  on  detail  surface  from  constructional 
material  as  a  were  resistance  layer  with  non- 
uniform  structure  by  means  composite  electrolytic 
codeposition  method  (CEC)  based  on  nickel  with 
definite  particles  distribution. 

The  necessary  gradient  of  properties 
provided  during  chemical-heat  treatment  (CEC)  in 
vacuum  for  CEC,  which  contain  actively 
interaction  inclusions  (B,  C,  Cr,  Mo),  or  in  powder 
sating  mixes  of  boron,  chrom  and  aluminium 
saturation  for  CEC  containing  inert  inclusions  (Ti, 
TiB2,  TiC,  CrB2). 

According  to  the  phase  x-ray, 
metallographic  and  microduromentric  analyses 
CEC  based  on  nickel  with  refractory  powders 
inclusions  steel  45,  20X13  after  chemical-heat 
treatment  is  Ni-B,  Ni-Cr,  Ni-AL  matrix,  which 
contains  about  30  volume  %  of  wear  resistance 
particles  (carbides,  borides,  nitrides)  with  the 
granularity  from  3  to  300  mkm  and  their  quantity 
and  size  changes  both  on  a  composition  depth  and 
on  a  tribocontact  surface. 

The  existence  of  the  optimum  size, 
quantity  and  distribution  in  coatings  promote 
redistribution  in  a  friction  zone  without  oil  for 
wear  resistance  secondary  structures.  Thus  the 
plasticity  of  matrix  metal  in  CEC  promote  the 
leading  redistribution,  which  perceive  by  the 
stronger  inclusions  effectively  holding  in  matrix, 
which  are  reliably  kept  in  matrixes.  It's  typically 
that  with  temperature  increase  in  friction  zone  to 
700  °C  the  coupling  processes  are  braked,  that  is 
caused  by  stable  oxide  film  formation  and 
optimum  filler  contents  in  coating  depth  is  moved 
in  the  direction  of  its  volume  part  increasing  and  at 
that  time  the  level  of  diffusion  infiltration  of 
matrix  is  smoothly  decreases. 
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Composite  material  articles  reveal  the  unique 
performances;  it  is  impossible  to  obtain  the 
combination  of  these  performances  in  articles 
produced  of  material  of  one  kind.  Laminar 
composite  materials  (LCM)  represent  the  specific 
kind  of  composite  and  are  of  great  importance  for 
the  material  use  under  extreme  conditions.  The  use 
of  LCM  permits  to  solve  some  of  complicated 
technical  problems,  to  economize  the  deficient  and 
expensive  materials,  to  increase  the  structure 
operation  reliability.  The  unique  method  to  produce 
the  composite  materials  that  contain  easy  oxidizable 
materials  or  alloys  on  its  base,  namely:  titanium, 
tantalum,  niobium,  zirconium,  vanadium, 
aluminium,  copper,  iron,  steels  is  the  method  of 
simultaneous  deformation  (SD).  The  method  is 
based  on  the  simultaneous  deformation  of 
preliminary  arranged  billets  (layers)  of 
heterogeneous  materials  in  specially  selected 
artificial  medium.  At  optimal  choice  of  relationship 
between  billets  of  carrier,  damping  and  barrier 
layers  also  as  at  high-speed  deformation  optimal 
conditions  (pressure  pulse,  temperature,  oxidizing- 
reducing  atmosphere,  residual  pressure)  this  method 
provides  the  strength  and  ductility  of  heterogeneous 
metal  joint  zones  close  to  the  designed.  Due  to  the 
vacuum  purity  and  the  pulsed  pressure  at  the  metal 
joining  the  metal  permits  to  obtain  LCM  of  any 
material  combinations.  Developed  now  LCM 
operate  in  quasi-stationary  temperature  pattern,  field 
of  forces.  At  article  operation  under  the  variable 
temperature-force  fields  the  decrease  of  strength  and 
ductility  characteristics  is  typical  due  to  the 
crystalline  structure  change  and  due  to  the  stressed 
state  near  the  boundaries  of  heterogeneous  materials 
junctions  [1-3]. The  fuel  elements  of  some  thermal 
reactors  also  as  the  transducers  and  probes  of  reactor 
measuring  and  control  devices  contain  the 
compounds  of  zirconium  and  steels.  In  nuclear 
thermal  power  there  is  no  alternative  to  the 
disengaging  adapters  that  guarantee  the  joints 
reliability;  so,  the  problem  of  reliable  safe  adapters 
production  is  very  actual  .Now  one  can  produce  the 
joints  between  zirconium  and  steel  by  different 
methods:  by  explosion  welding,  simultaneous 
extrusion,  diffusion  welding,  brazing  etc.  These 
methods  of  adhesion  joints  production  between 
zirconium  and  steel  provide  the  high  strength  (30-45 


kg/mm2)  and  may  be  successfully  used  in  articles 
operating  at  low  temperatures.  The  high  temperature 
effect  on  such  joints  causes  the  formation  of  brittle 
phases  on  the  conjugated  part  boundaries  and  to  the 
loss  of  composite  materials  service 
properties . Lam inar  composite  materials  on  the  base 
of  titanium-steel  with  barrier  and  damping 
interlayers  of  copper  and  niobium,  zirconium-steel 
with  interlayers  of  copper,  chromium,  niobium, 
vanadium  and  others  materials  developed  in  NSC 
KIPT,  are  used  now  in  some  members  of 
contemporary  space  facilities,  in  nuclear  reactor 
core;  these  members  operate  in  the  extreme 
conditions  of  quasi-stationary  force  and  temperature 
regimes.The  increase  of  thermal  cycling  endurance 
of  LCM  titanium-steel,  zirconium-steel  in  wide 
temperature  range  is  one  of  priority  problems. 
Samples  after  some  thermal  cycling  demonstrate  the 
geometric  parameters  deviation  of  their  initial  value. 
The  damping  interlayer  is  subjected  to  the  more 
forming:  inside  and  outside  diameter  of  copper  ring 
near  copper-niobium  boundary  is  increased  and  near 
copper-steel  boundary  is  decreased  in  comparison 
with  the  initial  values.  The  main  component 
(titanium  and  steel)  forming  is  small.  Independently 
of  copper  damping  interlayer  thickness  the  forming 
increases  with  the  thermal  cycles  number  increase.; 
after  the  equal  number  of  thermal  cycles  the  forming 
is  the  more  the  smaller  is  the  copper  layer 
thickness. Microstructure  studies  demonstrate  the 
relationship  between  the  composite  structure  change 
and  its  loss  of  strength  under  the  variable  thermal 
fields  effect;  these  studies  allow  to  examine  the 
experimental  data  on  the  base  of  internal  stresses 
gradient  effect  in  composite  on  the  monatomic 
processes  defining  the  thermal  fatigue  progress 
kinetics.  With  the  damping  layer  thickness  decrease 
the  stress  gradient  increases  that  causes  the 
intensification  of  structure  damage  processes  and  the 
intensification  of  irreversible  plastic  deformation 
also  as  the  redistribution  of  the  "injurious" 
impurities  and  the  accumulation  of  the  excess 
vacancies. 

The  considered  dependencies  of  LCM  thermal 
fatigue  evolution  on  different  factors  give  the 
possibility  to  control  the  thermal  cycling  strength  by 
the  damping  interlayer  structure  stability  increase 
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and  by  the  decrease  of  "injurious"  .impurities 
content  and  by  the  decrease  of  excess  vacancies 
concentration.  Introduction  of  damping  interlayer  of 
microalloyed  copper  with  one  or  some  elements 
such  as:  scandium,  yttrium,  rear  earth  metals, 
zircinium,  aluminium,  boron,  chromium,  tin  or 
phosphorus  and  of  interlayer  of  microalloyed 
niobium  with  the  addition  of  one  or  some  elements 
such  as:  scandium,  holmium,  dysprosium, 
neodimum,  praseodium,  gadolinium,  zirconium, 
boron  and  the  interlayer  thickness  holding  in  the 
range  of  0,2- 1,2  mm  results  in  the  thermal  cycling 
endurance  rise  in  1,7-3, 5  times.  In  NSC  KIPT  the 
production  of  LCM  of  type  titanium-steel, 
zirconium-steel  is  developed  on  the  vacuum  rolling 
mill  DUO- 170  [4],  Experimental- industrial  batches 
of  composite  materials  were  produced  with  the  use 
of  microalloyed  copper,  niobium,  chromium, 
vanadium  as  barrier  and  damping  interlayers; 
physical-mechanical  properties  and  the  operating 


performances  of  obtained  composites  are 
investigated  in  extreme  conditions. 
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PRINCIPLES  OF  CHOICE  OF  MATERIAL  COATINGS  FOR  WORK  IN 
MICROSHOCK  OF  A  CAVITATION 

Cherenega  S.M.,  Loskutova  T.V.,  Loskutov  V.F.,  Iantsevitch  C.V. 

National  Technical  University  of  Ukraine  "KPI",  Kiev,  Ukraine 


The  generalization  of  the  researches, 
carried  out  by  us,  has  allowed  presenting 
dependence  of  size  of  deterioration  of  a  material 
at  cavitation  (dV/dt)  from  microhardness  and 
crack  of  stability  by  the  following  dependence: 


dV_ 

dt 


(i) 


Where  E  -  energy  of  hydraulic  impact.  Under 


constant  conditions  at  cavitation  of  influence  size 


of  capacity  of  hydraulic  impact  dE/dt  =  const.  In 
view  of  it  (1)  it  is  possible  to  present  as 


For  a  presence  of  parameters  of  a  degree  m  and  n, 
at  construction  of  dependence  (2),  used 
minimization  functional 

f(m,n)  =  '£[[AGi-(Klc)im(HM)i ,n]\{4) 

i=i 

Here  AG  -  loss  of  weight  at  cavitation  i-ro  of  a 
sample.  The  parameters  m  and  n,  determining  a 
minimum  f  (m,  n),  calculated  with  the  help  of  a 
combination  of  methods  of  general  and  casual 
search  and  have  established,  that  n  =  -0,313,  and 
m  =  -0,724.  After  of  a  linearization  of  the 
equation  (4)  have  received  dependence  of  a  kind: 
AG  =  A(K,C)  m  (H^f ,  (5). 

Also  we  used  a  method  of  the  least  squares  for 
definition  of  size  m,  n  and  A,  and  have  received 
the  following  meanings  of  factors: 


That  is  for  identical  conditions  of 
experiment  the  size  A,  is  constant.  Factor  of 
proportionality  And  reflects  size  of  capacity 
cavitation,  causing  destruction  of  a  material  and 
there  is  a  dimension  [n  •  m/s]  =  [Dg/s],  We 
receive  empirical  dependence  of  deterioration  at 
cavitation  with  microhardness  (HM)  and  crack  by 
stability  (Kic)  of  researched  materials.  Definition 
of  parameters  of  a  degree  m,  n  and  factor  of 
proportionality  Als  connecting  the  specified 
characteristic  with  meaning  of  deterioration  at 
cavitation  (loss  of  weight  on  unit  of  the  area  for  a 
time  unit,  or  change  of  volume  from  time,  if 
weight  to  normalize  on  density)  carried  out  by  the 
experimentally  received  results  for  coatings: 

Cr23C6,  G7C3,  VC,  ZrC,  NbC,  TiC,  (Zr  + 
Cr)  C,  [1]  which  rendered  from  a  gas  phase  at  the 
lowered  pressure  with  use  of  powders  of 
transitive  metals,  wood  coal  and  four  chloride 
carbons: 


A  =1,953;  m  =  -0,733;  n  =  -0,384. 

The  equation  connecting  at  cavitation  of 
deterioration  of  coverings  to  their  characteristics 
of  cracks  stability  and  microhardness,  received  on 
the  basis  of  experimental  results  has  the  following 
kind: 

AG=1,953K ic0, 733 Hf,'0,384.  (6) 

Carbide  coatings  in  process  of  reduction 
of  deterioration  at  cavitation  settle  down  in  the 
following  line:  (V-Nb)C  -»  NbC->  ZrC  -»  (V- 
Cr)C  ->  TiC->  (Zr-Cr)C  ->  VC->  CrxCY. 

A  similar  line  can  be  constructed  for 
product  of  parameters  (Kic0733Hm0  384),  designed 
for  carbide  coatings 

(V-Nb)C->  NbC->  ZrC  ->  (V-Cr)C-* 
TiC  ->(ZrC-Cr)C  -+VC->  CrxCy. 


The  submitted  lines  completely  correlate, 
as  against  a  line  constructed  in  process  of  growth 
of  microhardness  carbide  coatings  and  having  the 
following  kind: 
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(V-Nb)C  ->  NbC-»  ZrC  ->  (V-Cr)C  ->  TiC-» 
(Zr-Cr)C  — »  VC— >  OxCy. 

Also  there  is  no  correlation's  between  lines  a 
crack  of  stability  and  deterioration  of  stability. 
Estimation  of  the  characteristic  of  deterioration  at 
cavitation  on  the  offered  dependence 
K,cA73S-  HM0,m  A,  will  well  be  coordinated  to 
experimental  data  cavitation  deterioration  of 
coatings,  thus  to  the  large  meanings 
K,c°’738-  HfJ0,384  there  correspond  higher 
stability  of  a  material  of  blanket.  [  2-6] 

The  deduced  mathematical  dependence 
(5)  on  experimental  data  at  cavitation  of 
deterioration  carbide  coatings  has  proved  to  be 
true  for  bored  and  alloyed  bored  of  phases,  and 
also  for  gas  thermal  coatings.  The  comparison  of 
settlement  meanings  at  cavitation  of  deterioration, 
for  a  phase  FeB  0,053  with  experimental  0,075 
has  made  an  error  29  %,  and  for  a  phase 
(Fe,  Cr)  2B  (0,04  -0,033)  -  17  %.  Thus  results  at 
cavitation  of  deterioration  bored  of  phases  both 
the  meanings  of  the  characteristics  of  hardness 
and  crack  of  stability  will  be  coordinated  on  of  a 
linearization  of  dependence  of  the  equation  (3), 
though  the  accounts  of  factors  m,  n  and  A  in  the 
equation  (3)  on  the  data  for  bored  coatings  did  not 
carry  out.  By  us  are  in  addition  investigated 
silicon  -  chromium  coatings,  as  there  was  it 
borrows  an  intermediate  rule  both  on  stability  at 
cavitation  and  on  size  of  product  of  the 
characteristics  a  crack  of  stability  on 
microhardness  Klco  m»H°'3S4  from  the  investigated 
line  of  coatings.  The  experimental  results  at 
cavitation  of  deterioration  (0,04)  of  a  coatings  of 
system  Si-Cr  and  designed  meanings  (0,0029)  of 
deterioration  received  according  to  the  equation 
(2)  under  the  characteristics  of  hardness  (21)  and 
crack  of  stability  (0,02933)  are  close  (divergence 
of  results  has  made  0,75  %). 

For  multicomponent  carbide  coatings  of 
system  (V-Cr)  the  difference  between 
experimental  (0,032)  and  settlement  meaning 
(0,03)  of  deterioration  at  cavitation  has  made  2,8. 


Conclusions: 

1.  The  criterion  at  cavitation  of  stability  is  offered 
which  allows  to  carry  out  an  estimation  and  to 
predict  at  cavitation  of  deterioration  high  and 
rigid  metal  diffusion  and  gas  and  thermal 
coverings  on  steels  on  parameters  of  their 


microhardness  {H^  and  crack  of  stability  (K)C.) 
The  mathematical  parity  of  these  sizes  and  display 
is  received,  but,  that  than  more  meaning  KIcm»H  ”, 
the  less  size  of  deterioration  at  cavitation.  The 
parameters  of  a  degree  m  and  n,  and  n  <  m  <  1  are 
determined. 

2.  Is  established  that  the  offered  mathematical 
dependence  allows  estimating  at  cavitation  of 
deterioration  of  various  classes  coatings  on 
parameters  of  microhardness  and  crack  of 
stability. 

High  cavitational  stability  can  have  the 
materials  have  or  very  high  significance's  of 
microhardness  (HM)  or  very  much  plastics 
materials  with  large  significance  of  a  drag 
coefficient  of  intensity  of  distribution  of  a  crack 
(K,c). 
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THE  RESEARCH  OF  THE  INFLUENCE  OF  ALLOYING  ELEMENTS  OF 
THE  TRIBOTECHNICHAL  PROPERTIES  OF  COMPOSITIONAL 
ANTIFRICTIONAL  SELF-LUBRICATING  MATERIALS 

A.G.  Kostornov,  O.I.  Fuschich.  T.M.  Chevychelova,  A.D.  Kostenko 

Frantsevich  Institute  of  material  science  problems,  National  Academy  of  Science,  Kiev,  Ukraine 


Researches  of  tribological  properties  of  powder 
materials  on  the  basis  of  copper  at  the  pressures  till 
10  Mpa  and  speeds  of  sliding  till  1,0  m/s,  i.e.  at  the 
conditions  that  are  identical  to  the  conditions  of  the 
work  of  the  joints  of  friction  of  machines  and 
devices  have  been  conducted. 

Powdered  compositions  on  copper  basis, 
containing  alloying  elements,  some  of  them 
strengthen  the  load-carrying  part  of  the 
composition,  increase  its  mechanical  properties, 
the  others  perform  the  role  of  a  solid  lubrication, 
responsible  for  the  formation  of  a  shielding  pellicle 
have  been  researched. 

Powder  compositions  were  got  form  the 
powder  mixtures  by  pressure  with  the  followed 
agglomeration  in  the  hydrogen.  The  mass  content 
of  alloying  elements  was  changed  in  the  range  of 
8-15  mass  %. 

The  research  of  the  friction  was  conducted 
in  the  air  on  the  friction  machine  allowing  at  the 
same  time  to  define  the  coefficient  of  the  friction 
and  the  intensity  of  weariness.  The  friction  was 
conducted  on  the  steel  XBG  at  the  variable  speeds 
of  sliding  and  graded  pressure. 

The  research  was  conducted  in  the  air 
without  the  supplying  of  lubrication  to  the  friction 


zone  and  at  the  presence  of  lubrication  incoming  to 
the  working  zone  out  of  the  sample  interstices 
presenting  in  them  in  the  result  of  their 
impregnation. 

On  the  basis  of  the  structure  research  and 
frictional  properties  of  powder  compositions  the 
optimum  content  of  the  strengthening  materials 
and  their  structural  distribution  necessary  for  the 
getting  of  non-wearable  ground  with  good 
frictional  characteristics  was  defined. 

It  was  determined  that  with  the  toughening 
of  the  regimes  of  the  tests  the  optimum  content  of 
strengthening  elements  is  increasing  in  quantity. 
While  working  without  the  lubrication  anti-friction 
ability  of  the  powder  composition  is  developed  in 
the  course  of  the  formation  on  the  working  surface 
of  a  shielding  pellicle,  the  appearance  and  action  of 
which  is  determined  by  the  presence  of  a  solid 
lubricating  element  in  the  material. 

In  the  result  of  researches  conducted  the 
quantity  of  solid  lubricating  component  that  from 
one  side  is  no  leading  to  the  weakening  of  the 
powder  composition  as  a  whole  and  from  the  other 
side  is  contributing  to  the  formation  of  effectively 
acting  shielding  pellicle  was  optimized. 
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STATISTICAL  MODELLING  IN  APPLICABLE  SCIENTIFIC 
INVESTIGATION.  PROBLEMS  AND  PERSPECTIVES 

Murzin  Lev,  Murzin  Aleksandr 

Sevastopol  National  Technical  University,  Sevastopol,  Ukraine 


In  mathematical  modelling,  it  is  possible  to 
allocate  two  methods  of  modelling:  analytical  and 
statistical.  The  greatest  distribution  at  the  decision 
of  technical  problems  was  received  with  methods 
of  analytical  modelling. 

For  example,  in  materials  of  the  international 
symposium"  Advanced  thermal  technologies  and 
materials"  [1],  in  a  significant  part  of  reports 
directly  or  are  indirectly  used  methods  of 
mathematical  modelling  of  an  analytical  direction 
on  the  basis  of  phenomenological  theories.  Use  of 
such  approach  in  the  decision  of  complex 
technical  and  technological  problems  provides 
application  of  some  assumptions  which  frequently 
have  the  important  character  and  may  serve  as 
sources  of  essential  sinfulnesses.  Most  typical 
such  assumptions:  the  assumption  of  uniformity'  of 
structure  of  a  material,  an  assumption  of 
monotony  of  time  dependences  of  change  of 
internal  sources  of  heat,  etc.,  are  used.  The 
Account  of  such  effects  in  model  in  the  form  of 
strict  mathematical  dependences  while  is 
impossible  at  a  modern  level  of  development  of 
scientific  representations  about  a  nature  of 
materials  and  the  mechanisms  determining  course 
of  technological  processes. 

For  example,  in  work  [2]  authors  mark  complexity 
of  use  of  the  experimental  data  received  in  one 
conditions  and  their  carry  to  other  conditions  on 
the  basis  of  construction  of  the  common 
mathematical  model  of  complex  process  what, 
erosion  of  thermal  protection  for  example  is. 

At  construction  of  analytical  models  in 
complicated  problems  where  are  taken  into 
account:  the  structure  of  a  material,  external 
influences,  thermal  and  mass  streams,  -  usually 
makes  the  common  number  of  factors  20-30,  at 
complex  interrelations  between  them. 

In  analytical  model,  owing  to  mathematical 
difficulties  of  the  strict  description  of 
interrelations  it  is  necessary  to  be  limited  to 
consideration  individual  sections  of  multivariate 
space,  it  is  artificial  fixing  all  other  connections 
between  factors. 


At  use  of  statistical  models  such  difficulties  do  not 
arise,  as  the  formal  description  regressive  model 
does  not  demand  a  formulation  of  a  specific  kind 
of  connections  between  factors. 

It  is  typical,  that  statistical  estimations  of  errors  do 
not  result  in  publications,  or  the  generalized 
estimations  without  revealing  structure  of  making 
errors  are  given.  Other  example  mathematical 
model  of  work  ablating  heat-shieldings,  allowing 
to  take  into  account  in  the  obvious  form 
interrelation  of  physical  and  chemical 
transformations  and  accompanying  them  swelling 
with  structure  and  properties  of  a  material  [2].  The 
model  is  under  construction  on  the  basis  of 
fundamental  laws,  such  as:  laws  of  preservation, 
the  equation  of  a  condition  in  system,  the 
equations  of  the  mechanics  of  polymers, 
reological  equation  of  a  condition  etc.,  however, 
use  of  such  powerful  mathematical  device  for  the 
description  of  the  complex  phenomenon 
nevertheless  demands  significant  number  of 
assumptions  concerning  structure  of  materials 
frame,  matrix  and  other  types  that  should  cause 
essential  errors  in  the  received  decisions  on  the 
basis  of  model. 

Thus,  large  number  of  analyzed  factors,  and 
plurality  of  the  physicomechanical  and  physical 
and  chemical  phenomena  in  investigated 
processes,  compel  authors  of  researches  to  accept 
significant  assumptions  and  the  simplifications 
lowering  accuracy  of  received  models. 

On  the  other  hand,  for  the  description  of  the 
complex  phenomena  are  used,  as  a  rule,  original 
under  the  form  and  on  structure  of  model  that 
complicates  their  use  at  change  of  conditions  and 
research  of  the  new  phenomenon  or  new 
technological  process. 

All  this  complicates  use  of  analytical  models  for 
wide  application  in  various  branches  of 
engineering,  technology  of  mechanical 
engineering. 

Statistical  models  are  deprived  many  of  the  listed 
lacks  by  virtue  of  their  universal  character 
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determining  a  kind  of  model  and  its  structure.  Due 
to  universality  of  the  mathematical  form  of  record 
of  model  as  a  polynom  of  the  certain  degree  it  is 
possible  to  receive  the  unified  decisions  for 
various  problems  both  practical,  and  theoretical 
character.  On  faculty  of  mechanical  engineering 
and  transport  SNTU  experience  of  application  of 
statistical  models  is  saved  up  at  the  decision  of 
practical  problems  in  various  areas  of  a  science 
and  engineering. 

So,  program  CORREAPPRO  developed  on  the 
basis  of  methodology  multifactorial  modelling  - 
oriented  the  correlation  analysis  and  modified  for 
use  on  IBM  PC  [3],  allows  to  carry  out  the 
correlation  analysis  of  a  file  of  the  experimental  or 
literary  data. 

The  analysis  may  be  carried  out  on  a  file,  volume 
of  200  data  representing  40  parameters  - 
properties  of  investigated  objects.  As  parameters 
may  be  used  physicomechanical  properties  of 
materials,  heat-phisiical  and  thermodynamic 
characteristics,  data  about  which  it  is  possible  to 
find  in  the  literature  or  to  receive  in  experiment. 

Feature  of  statistical  modelling  is  use  at 
construction  of  model  of  statistical  estimations  as 
the  quantitative  measure  determining  influence  of 
chosen  parameter  on  an  investigated  parameter  of 
process.  Thus,  within  the  framework  of  the 
correlation  analysis  it  is  enough  to  determine  the 
appropriate  factors  of  correlation  between  factors 
-  parameters  and  parameters  of  investigated 
process  and,  in  view  of  size  of  these  factors  to 
construct  formal  regressive  model  as  a  polynom 
of  the  certain  degree  for  each  of  the  factors 
included  in  model. 

Factors  of  correlation  characterize  the  interactions 
caused  by  a  nature.  Thus  the  mechanism  of  these 


interactions  has  no  value  for  construction  of 
statistical  model. 

In  this  connection,  at  construction  of  statistical 
model  disappears  necessity  of  revealing  cf 
functional  interrelations  between  parameters  of 
process  and  a  spelling  of  mathematical 
expressions  for  the  account  of  influence  of  the 
chosen  parameter  on  an  investigated  parameter. 

Hence,  the  errors  connected  to  discrepancy  of 
used  models  or  with  their  wrong  application,  at 
such  approach  practically  do  not  arise,  that  is 
essential  advantage  of  statistical  modelling  in 
comparison  with  analytical. 
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TEIIJIOBAfl  3AIIJHTA  CTEHOK  BbIC0K03HEPrETHHECKHX 

YCTAHOBOK 

ApHHKHH  C.M. 

Hhcthtjo'  tenno-  h  Maccoo6\ieHa  HAH  Benapycn,  Mhhck,  Be.iapycb 


PaCCMOTpeHa  3(j)(|)eKTHBHOCTb  TenJIOBOH 
3amHTbi  CTeHOK  ycTaHOBOK  c  TeMnepaTypofi 
aKTHBHoro  o6i>eMa,  hchhcjiacmoh  TbicanaMH  h 
AecHTKaMH  TbicHH  rpa/iycoB  [1,2].  3to  -  naa3- 
MeHHbie  peaicropbi  [3],  ra3o4»a3Hbie  aflepHbie 
ABHraTejiH  [4],  KaMepbi  cropaHHa  aBHaunoHHbix  h 
paneTHbix  ^BHraTejiefl,  BbinojiHeHHbie  H3 
nopHCTbix  TyronaaBKHx  MaTepwanoB  c  xpaHC- 

nHpauHOHHbiM  oxna>KAeHneM  [5].  B  paOoTe  [6] 

npeanoaceHO  b  3HeproycTaHOBKax  c  BOAopoflHbiM 
paSoHHM  TejioM  Hcnojib30Baxb  jierKOKHnauiHe 
coeflHHeHHfl  xyronjiaBKHX  MeTajuioB,  KOTopsie  npH 
TeMnepaType  15  -  350  °C  nepexoxiaT  m  TBepaoro 
b  ra3oo6pa3Hoe  cocToaiiMe.  npoxofla  nepea 
ropanyK)  nopHCTyio  CTeHKy  ohh  ee  oxjia>KAaiOT,  a 
Ha  Bbixoae  npn  TeMnepaType  1200  -  1700  °C 

BOCCT3H  aB  J1 H  B3K)TCa .  B  npHCTeHOHHOM  cnoe 
co3flaeTca  monbuieBaa  3aBeca  nacTHU  MeTanaa. 
OHa  nor;iomaei  h  paccenBaer  TemiOBoe 
H3JiyneHHe  b  uiHpoKOM  ,anana30He  ajihh  bojth.  B 
paSoTe  [7]  ycTaHOBJieHO,  hto  Taxaa  cpeaa  npn 
ABHaceHHH  no  xaHajiy  HHTeHCHBHO  yicpynHaeTca. 
riponcxoAHT  HenpepbiBHoe  M3\ieHeHMe  nonao- 
maiomux  h  pacceHBaiomHX  cbohctb.  B  pa6oTe  [8] 
nojiyneHO,  hto  b  AHana30He  ajihh  bojih  TenaoBoro 
H3nyneHHa  0,005</l<l  mkm  HaH6ojibinyio 
BeJTHHHHy  MaccoBoro  KoacfKjjHUHeHTa  ocjiaOjieHna 
H3JiyHeHHa  oSecnenHBaiOT  nacTHUbi  c  pa^nycaMn 

0,03  <  r<0,l  mkm. 

C  yMemmeHMeM  pa3Mepa  nacTHU 
MaKCHMyM  ocjia6jieHna  H3JiyneHHa  cflBHraeTca  b 
o6jiacTb  yubTpa4>HOJieTa,  AJia  KOToporo  Han- 
6o;ibUiee  3KpaHHpoBaHHe  o6ecneiiHBaeT  ra30- 
nbuieBaa  cpe/ja  c  pa3MepaMH  HacTHU  0,005  < 
r<  0,03  mkm  [9]. 

npn  TeMnepaType  b  aKTHBHOM  o6i>eMe 
ycTaHOBKH  10  000 <T<  100  000°C  ochobhoC 
n3JiyneHHe  npnxoflHTca  Ha  Anana30H  ajthh  bojih 
0,005<A<0,04  mkm.  3to  Anana30H  pemreHOB- 
ckoto  H3JiyneHHa  h  BaKyyMHoro  yjibTpa<|>HOJieTa. 
fljia  nornomeHHa  h  pacceaHHa  H3JiyneHHa  b  3toh 
o6jiacTH  TeMnepaTyp  hcoSxoahmo  C03,aaTi> 
ra3onbuieByio  3aBecy  c  pa3MepaMH  nacTHU 
nopa;u<a  HecKoabKHX  ,'jecaTKOB  aHTCTpeM. 
HaCTHHbl  C  T3KHMH  H  MeHbUIHMH  pa3MepaMH 

noaBjiaFOTCfl  TOJibKO  npn  HenocpeACTBeHHOM 

BOCCTaHOBJieHHH  COCAHHCHHH  WCta  WF6  Ha 
BblXOAC  H3  nOpHCTOH  CTeHKH. 
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The  following  physical  picture  of  processes  is 
characteristic  for  technological  devices  of  a  high¬ 
speed  gas  flame  spraying  of  coatings,  thermo¬ 
abrasive  processing  and  jet  grinding.  The  particles 
together  with  combustion  materials  move  to  the  gas- 
dynamic  passage,  in  which  there  is  their 
acceleration,  heating  and,  in  a  case  necessities, 
melting.  The  additional  acceleration  of  particles 
takes  place  in  a  free  supersonic  jet.  The  acceleration 
of  carrier  gas  in  a  gas-dynamic  passage  is  made  at 
shape  of  passage  or  by  using  of  additional  gas 
feeders.  Terminating  processes  happen  in  an  shock 
layer  generated  at  impact  of  a  two-phase  jet  about 
handled  surface  or  at  collision  of  jets.  "Two_phase" 
[1]  software  product  designed,  in  which  the 
following  computational  model  is  implemented  for  a 
simulation  modeling  of  above-stated  processes. 

The  two-phase  flow  is  described  by  a  mathematical 
model  of  two-speed  and  two-temperature 
continuum.  The  gas  phase  is  a  mixture  of 
combustion  products  of  hydrocarbon  fuels  in  a  flow 
of  an  oxidant  (oxygen,  air).  The  solid  phase  consists 
of  particles  of  a  powder  material.  The  two-phase 
flow  in  a  gas-dynamic  passage  of  the  gas-dynamic 
device  is  described  by  quasi  one-dimensional 
equations  of  gas  dynamics  which  are  taking  into 
account  friction  and  convective  heat  exchange  of  for 
a  two-phase  flow  with  the  passage  walls  as  well  as 
friction  and  heat  exchange  between  phases.  The 
calculation  of  flow  field  in  the  gas-dynamic  passage 
with  a  geometric  way  of  flow  control  is  carried  out 
continuously  from  the  inlet  to  outlet  section  of  the 
passage.  The  calculation  of  a  flow  field  in  a  passage 
of  the  gas-dynamic  device  using  additional  gas 
feeders  for  flow  control  is  carried  out  with  a  series 
of  calculations  of  sections  between  feeders  and 
recalculation  of  flow  parameters  past  the  feeder.  The 
parameters  of  a  two-phase  flow  at  the  feeders  outlet 
are  calculated  using  balance  rations  on  known 
parameters  at  feeder  inlet  and  ones  supplied  through 
its  walls. 

The  flow  in  a  free  two-phase  jet  is  described  by  two- 
dimensional  equations  of  turbulent  boundary  layer 
for  a  gas  phase  and  two-dimensional  equations  of 
hyperbolic  type  for  a  disperse  phase.  Power  and  heat 


interaction  between  phases  is  taken  into  account 
through  the  additional  source  terms  included  in 
termed  named  combined  equations.  The  influence  of 
particles  on  a  turbulence  is  not  taken  into  account. 
The  numerical  integration  of  equations  implements  a 
stepping  procedure  along  an  axis  of  a  jet. 

The  calculation  of  two-phase  flow  parameters  in  an 
impact  layer  is  realized  in  two  stages.  Parameters  of 
a  gas  phase  calculates  of  installation  method  at  first. 
Then  monitoring  particles  place  in  a  field  of  gas 
flow  and  their  parameters  are  calculated  along  their 
motion  trajectories.  Thus  the  influence  of  particles 
on  parameters  of  a  gas  flow  is  not  taken  into 
account. 

"Two_Phase"  software  product  allows  calculating 
the  parameters  of  two-phase  flow  in  gas-dynamic 
passages  in  view  of  power  and  heat  interaction 
between  phases,  passage  walls  friction  and  heat 
transfer  through  its  lateral  surface.  The  software 
product  can  be  used  for  researches  of  thermogas- 
dynamic  processes  in  the  passages  of  gas-dynamic 
devices  to  most  fully  use  chemical  energy  of  a  fuel 
for  heating  and  acceleration  of  particles,  as  well  as 
to  select  rational  geometric  parameters  of  passages. 
The  software  product  provides  a  user  with  the 
information  on  its  purpose,  structure  and 
capabilities.  A  brief  description  of  physical  and 
mathematical  formulations  of  the  problems  solved  is 
given.  The  software  product  provides  means  for 
formation  and  remembering  of  the  problem  input 
data  to  carry  out  current  calculations.  It  ensures 
processing  and  storage  of  the  calculation  results. 

The  software  product  works  in  the  interactive 
dialogue  mode  with  using  the  terms  and 
determinations  from  the  data  domain  of  software 
product  purpose.  The  practical  work  with  the 
software  product  does  not  require  from  the  user  a 
special  training  in  the  area  of  programming  and 
learning  special  operating  instructions. 

The  user's  work  with  the  software  product  is  reduced 
to  the  following  sequence  of  operations:  choice  of  a 
problem;  specifications  of  the  input  data  of  the 
problem  according  to  the  submitted  prototype  of 
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their  defaults;  the  problem  start-up  for  calculation; 
solution  results  representation  of  the  selected 
problem  on  the  monitor  screen  in  the  form  of 
numerical  or  graphic  information  depending  on 
selected  kinds  of  solution  processing;  comparison  of 
the  obtained  results  with  the  earlier  obtained  results 
of  the  selected  problem  under  different  input  data  of 
the  problem. 

The  use  of  the  software  product  allows: 

-to  estimate  discharge  characteristics  of  the 
installation,  gas-dynamic  and  thermo-physical 
characteristics  of  combustion  products; 

-  to  estimate  the  range  of  change  in  dynamic  and 
power  parameters  of  particles  in  the  gas-dynamic 
device  passage,  in  a  free  jet  and  in  an  impact  layer; 

-to  calculate  the  field  parameters  of  gas  and 
particles  in  the  gas-dynamic  device  passage  and  two- 
phase  jet  flowing  out  of  the  passage; 

-to  choose  the  geometric  and  regime  parameters 
values  of  the  gas-dynamic  device  for  obtaining  the 
maximum  values  of  the  particles  power  parameters; 

-to  calculate  the  composition  of  combustion 
products,  their  thermodynamic  and  thermophysical 
properties; 

-to  determine  the  disperse  phase  thermal 
condition  (temperature  field,  degree  of  melting)  at 
its  motion  in  the  of  gas-dynamic  device  passage,  in  a 
free  jet  and  in  an  impact  layer. 

User  has  an  opportunity  to  present  results  of 
calculations  as:  tables  of  parameters  at  the  gas- 
dynamic  device  passage  outlet  at  various  values  of 
input  parameters  of  the  problem;  diagrams  of  gas- 
dynamic  parameters  distributions  along  the  gas- 
dynamic  device  passage  axis;  diagrams  of 
parametric  dependencies  of  flow  parameters  at  the 
gas-dynamic  device  passage  outlet  on  input 
parameters  of  the  problem;  isoline  fields  of  flow 
parameters  in  the  gas-dynamic  device  passage  and 
free  jet. 

The  designed  "Two_Phase"  software  product 
utilized  for  research  process  of  acceleration,  heating 
and  melting  of  particles  from  refractory  materials  in 
a  gas-dynamic  passage  of  a  burning  installation  with 
using  of  additional  combustion  products  feeders  [2], 
Feature  of  this  process  is  the  commensurability  of 
melting  temperature  of  particles  with  equilibrium 
stagnation  temperature  of  combustion  products  of 
fuel.  Therefore  melting  of  such  particles  in  a  gas 
flow  is  possible  only  under  condition  of  effective 
organization  interchange  of  energy  between 
combustion  products  of  fuel  and  particles.  For 
definition  of  a  rational  way  of  power  transmission  of 
combustion  materials  of  fuel  to  particles  the  flow  in 
gas-dynamic  passages  and  jets  was  explored. 


The  optimization  of  regime  and  geometrical 
parameters  of  a  gas-dynamic  passage  was  made  by 
measure  of  a  maximum  total  energy  of  particles  on 
outlet  of  gas-dynamic  passage,  thus  the  capability  of 
their  full  melt  was  admitted.  Optimum  distance  up  to 
a  substrate,  on  which  the  coating  was  put,  was 
determined  from  the  analysis  of  results  calculations 
of  the  particles  characteristics  before  it.  The 
characteristics  last  were  determined  by  series 
calculation  of  flow  in  a  gas-dynamic  passage,  free 
jet  and  in  an  impact  layer. 

The  carried  out  calculations  for  refractory  materials 
(chromium,  alumina,  zirconium  oxide  and  tungsten 
carbide)  have  shown  [3],  that  for  heating,  melting 
and  acceleration  of  particles  from  these  materials  are 
advisable  use  the  gas-dynamic  passage  with  two 
additional  combustion  products  feeders.  The 
dependencies  of  two-phase  flow  parameters  on 
outlet  of  gas-dynamic  passage  with  using  of 
additional  combustion  products  feeders  from  length 
of  a  site  of  heating  (site  between  additional 
combustion  products  feeders)  and  ratio  of 
consumption  factors  in  additional  Is  shown,  that  the 
full  degree  of  particles  melt  has  an  extreme  at 
defined  values  of  length  of  heating  site  and  ratio  of 
consumption  factors  in  additional  combustion 
products  feeders.  With  increase  of  a  dispersion  of 
particles  the  efficiency  of  optimization  of  selection 
of  these  parameters  grows. 
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The  production  technology  of  cold  rolled  steel 
provides  after  rolling  the  re-crystallization  anneal¬ 
ing  in  units  of  continuous  action  or  in  bell-type 
furnaces.  In  bell  furnaces  heat  treatment  of  strips 
conduct  in  densely  winded  rolls  in  a  protective  at¬ 
mosphere  of  a  nitrogen-hydrogen  mix  circulating 
on  a  closed  contour  or  in  the  environment  of  pure 
hydrogen.  Annealing  process  of  strips  coils  pile 
from  low  carbon  steel,  for  example,  consists  of 
stages  of  heating  (1-3  steps)  up  to  temperature 
680-700  C°,  endurances  at  this  temperature  during 
15-20  hours,  adjustable  cooling  with  speed  5- 
25°C/hour  up  to  temperature  550-650  °C  under 
bell,  noncontrollable  cooling  under  muffle  up  to 
temperature  100  °C  and  the  subsequent  natural 
cooling  up  to  an  ambient  temperature. 

The  bell-type  annealing,  besides  known  advan¬ 
tages,  has  the  lack  connected  with  adhesion 
(welding)  of  strips  in  coils  at  annealing  process.  At 
the  subsequent  unwinding  a  strip  from  a  coil,  ow¬ 
ing  to  adhesion  of  coils  at  a  separation  of  an  exter¬ 
nal  coil  from  a  roll  lines  the  plastic  bend  of  a  strip 
are  formed.  There  is  a  defect  of  a  surface  "frac¬ 
ture".  On  conditions  of  adhesion  (welding)  at  an¬ 
nealing  process  influence  inter-coil  pressure 
(which  dependent  in  many  respects  from  a  rough¬ 
ness  of  a  surface,  deviation  of  thickness  and  non¬ 
flatness  of  strips),  the  maximal  temperature  of  coils 
and  duration  of  its  action. 

Distribution  of  inter-coil  pressure  on  radius  of  a 
coils  is  formed  depending  on  a  roughness  of  a  sur¬ 
face  of  a  strip,  a  mode  reeling  (distributions  of  a 
tension  and  temperatures  of  a  strip  at  reeling). 
Specificity  of  a  problem  consists  that  at  cooling 
and  heating  of  a  roll  in  it  there  is  a  variable  tem¬ 
perature  field  which  causes  additional  thermal 
pressure  which  render  essential  influence  on  the 
condition  of  a  roll  is  elastic  -  intense.  In  turn,  at 
presence  of  thermal  resistance  on  adjacent  surfaces 
of  coils  which  sizes  are  appreciably  determined  by 
inter-coil  pressure,  change  of  temperature  in  a  roll 
depends  on  it  is  elastic-intense  conditions.  Mutual 
influence  temperature  and  intense-deformed  con¬ 
ditions  of  rolls  essentially.  Additional  features  in 


statement  of  a  problem  are  caused  by  a  condition 
of  surfaces  of  contacting  coils  (the  roughness,  the 
form  of  micro  profiles).  It  may  result  in  rap¬ 
prochement  of  contacting  surfaces  in  result  micro 
profiles  crumpling,  and  also  to  occurrence  of 
breaks  in  distribution  of  temperature. 

In  connection  with  complexity  of  process  of  coils 
processing,  the  choice  of  technological  parameters 
demands  the  all-round  analysis  of  elements  of 
technological  process.  Effective  methods  of  this 
analysis  are  methods  of  mathematical,  computer 
modeling  of  processes. 

On  the  basis  of  the  techniques  submitted  in  [1,2,3], 
the  algorithm  is  developed  and  the  program  is  cre¬ 
ated  for  numerical  modeling  non-stationary  ther¬ 
mal  and  intense  -  deformed  conditions  of  strips 
rolls  during  the  reeling  on  a  drum,  removals  from  a 
drum,  heating  and  cooling  of  rolls.  For  calculation 
of  temperatures  with  using  set  heat  transfer  coeffi¬ 
cients  and  the  protective  gas  temperatures  cyclo- 
rama,  simulating  conditions  heat  exchange,  of  a  roll 
with  high-temperature  protective  gas  circulating  on 
a  closed  contour  in  the  bell-type  furnace.  The  algo¬ 
rithm  allows  to  take  into  account  non-ideal  thermal 
and  mechanical  contact  on  adjacent  coils  surfaces. 

Components  of  algorithm. 

1.  Calculation  of  formation  of  the  intense 
condition  of  a  roll  at  strips  reeling  on  a  drum  with 
the  given  law  of  change  of  a  tension  of  a  strip  and 
distribution  of  temperature  of  a  strip. 

2.  Calculation  of  change  of  the  intense  con¬ 
dition  of  a  roll  at  its  removal  from  a  drum  . 

As  a  result  of  it  initial  distributions  of  tem¬ 
perature  and  parameters  of  intense  -  deformed 
condition  of  a  roll  are  determined. 

3.  Step-by-step  on  time  the  decision  of  a 
problem  with  use  of  a  method  of  splitting  on 
physical  processes: 

-  On  the  first  half  step  on  time  parameters  of 
thermal  resistance  are  defined  under  given  at  the 
previous  moment  of  time  values  of  temperature 
and  pressure  (calculation  on  final  ratio  or  interpo- 
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lation  of  the  tabulated  data)  and  the  problem  of 
calculation  of  a  roll  temperature  is  solved.  The 
common  algorithm  of  the  numerical  decision  of 
this  problem  is  described  in  [2], 

-  On  the  second  half  step  it  is  settled  an  in¬ 
voice  the  intense  condition  at  the  given  tempera¬ 
ture  field  in  view  of  change  of  character  of  me¬ 
chanical  contact  between  the  next  coils.  This 
problem  is  considered  under  quasi-steady  ap¬ 
proximation.  The  system  of  the  equations  is  solved 
by  a  sweep  method. 

Opportunities  of  the  developed  algorithm  are  illus¬ 
trated  by  results  of  numerical  modeling  of  a  tem¬ 
perature  and  a  inter-coil  pressure  in  the  rolls  re¬ 
ceived  coiling  of  2600  coils  of  0,5  mm  thickness 
strip  steel.  Reeling  it  was  carried  out  with  a  con¬ 
stant  tension  of  a  strip  a0=25  N/mm2.  The  condi¬ 
tion  of  a  roll  is  analyzed  at  winding  on  a  drum,  af¬ 
ter  removal  from  a  drum  with  the  account  contact¬ 
ing  surfaces  micro  profiles  crumpling  and  a  ther¬ 
mal  resistance. 

Calculations  strips  reeling  on  a  drum  were  carried 
out  in  view  of  change  of  a  thinness  coils  adjacency. 
It  is  shown,  that  as  result  of  strip  surfaces  micro 
profiles  partly  renewing  a  pressure  upon  a  drum  in 
process  of  a  strip  winding  grows  and  asymptoti¬ 
cally  tend  to  a  constant  value.  Since  600  coil  pres¬ 
sure  upon  a  drum,  reaching  value  0,095  cr0 ,  does 
not  depend  on  amount  of  the  reeled  -  up  coils.  It  is 
shown  also,  that  as  result  of  the  partial  restoration 
surfaces  adjacency  at  unloading  a  roll  after  re¬ 
moval  from  a  drum,  inter  coil  pressure  in  the  most 
part  of  a  roll  remains  same  as  in  a  roll  on  a  drum. 

Taking  into  account  the  thermal  resistance  caused 
leaky  coils  adjacency  results  in  essential  increase 
of  gradients  of  temperature  in  external  coils  of  a 
roll. 

Calculations  of  a  roll  intense  condition  in  view  of 
thermal  resistance  and  at  ideal  thermal  (but  not 
ideal  mechanical)  contact  between  surfaces  of  lay¬ 
ers  show,  that  the  account  of  thermal  resistance  re¬ 
sults  in  the  big  temperature  pressure  .  Therefore  at 
computer  modeling  it  is  important  to  have  the  most 
exact,  it  is  better  -  experimental,  data  about  de¬ 
pendence  of  thermal  resistance  from  inter-coil 
pressure. 

As  follows  from  the  analysis  of  the  received  re¬ 
sults,  because  of  surfaces  rough  strips  thermal  re¬ 
sistance,  the  thermal  pressure  is  located  on  the  sites 
adjoining  to  external  and  internal  coils,  where  their 
level  initially  (after  removal  from  a  drum)  lower. 


Therefore  in  the  basic  internal  part  on  radius  of  a 
roll  thermal  pressure  and  consequently  also  prob¬ 
ability  adhesion  (welding)  in  conditions  of  high 
temperatures  are  less. 
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The  atomic  and  electronic  structures  of  both 
metallic  and  semiconductor  heterostructures 
are  studied  by  using  the  path  probability 
method  (PPM)  coupled  to  the  tight-binding 
electronic  theory.  We  focus  our  attention  on 
the  following  features:  (i)  For  metallic 
multilayers,  like  Cu/Pd,  Cu/(Ni,Fe),  Ag/Pd 
and  Au/Ni  systems,  we  investigate  the  effects 
of  interface  mixing  and  modulation  period  on 
their  elastic  and  mechanical  properties,  (ii) 
For  semiconductor  heterostructures  like 
GexSWSi(001),  GaAs/AlAs  and 
GaN/sapphire,  we  investigate  the  stability  and 
properties  of  the  heteroepitaxial  layers  in 
conjunction  with  the  interface  defects  and 
interface  mixing.  The  atomic  diffusion 


through  the  heterostructures  is  studied  via 
vacancy  mechanism  of  diffusion  using  the  pair 
approximation  of  PPM.  The  effective  pair 
interaction  energies  between  the  constituent 
atoms  are  derived  using  the  zeros-poles 
method  taking  into  account  the  misfit  strains 
at  the  interface.  It  has  been  found  that  the 
interface  defect  structures  and  interface 
mixing  influence  quite  significantly  the 
mechanical,  electronic  and  optical  properties 
of  the  above  mentioned  heterostructures. 

Keywords:  Path  Probability  Method, 

Semiconductor  Heterostructure,  Tight- 
Binding  Method,  Metallic  Superlattice, 
Supermodulus  Effect 
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CCCM  is  a  three-component  composite  based  on 
carbon.  One  of  its  components  are  fibrous  forms 
i.e.  carbon  fibres,  the  second  component  is  a 
carbonized  polymeric  matrix  based  on  phenol- 
phormaldehyde  resins,  the  third  component  is 
pyrolytic  carbon  deposited  in  the  porous  structure 
of  the  composite. 

The  dependence  of  basic  structural  components  of 
viscose-based  carbon  fibres  on  their  formation 
temperature  has  been  shown  (interplanar  spacing 
is  d002,  crystallite  sizes  La,  Lc).  The  parameters 
of  the  structure  uniquely  determine  macroscopic 
mechanical  properties  of  fibres.  The  dependence 
of  the  modulus  of  elasticity,  the  strength  on  the 
treatment  temperature  of  carbon  fibres,  sizes  of 
crystal  formations  and  basic  parameters  for 
obtaining  carbon  fibres  are  given. 

Integrated  study  of  matrix-forming  material,  i.e.  a 
binder  based  on  phenol-phormaldehyde  resins  has 
been  carried  out.  Kinetic  equations  for  the  binder 
curing  have  been  stated,  the  dependence  of 
modulus  of  elasticity  as  well  as  shear  on 
temperature  and  duration  of  curing  have  been 
presented. 

The  problems  of  modification  of  the  binder  with 
carbon  and  carbide-forming  components  have 
been  considered.  The  mechanism  of  influence  of 
modifying  components  on  the  basic  properties  of 
CCCM  has  been  studied.  Special  consideration 
has  been  given  to  the  determination  of  quality 
indices  of  modified  binders  (sedimentation  of 
components,  density,  viscosity,  period  of 
viability). 

Carbonization  processes  which  specify  the 
structure  and  properties  of  CCCM  are  of  utmost 
importance.  The  methods  of  thermal  gravimetric 
analysis  were  used  for  the  determination  of 
carbonization  rate,  chemical  composition  of 
CCCM  dependent  on  the  process  temperature  has 
been  studied.  The  basic  parameters  of  carbonized 
CCCM  under  various  process  conditions  have 
been  evaluated,  the  dependence  of  porosity  on 
thickness  of  the  carbonized  materials,  distribution 


of  thermochemical  shrinkage  and  strength 
properties  has  been  defined. 

Using  the  methods  of  statistical  micromechanics 
of  non-uniform  media  a  mathematical  model  of 
CCCM  carbonization  process  has  been  defined, 
which  takes  into  account  thermochemical 
shrinkage  as  well  as  thermochemical  expansion  of 
components  and  makes  it  possible  to  determine 
elastic  and  strength  characteristics  of  the  material 
for  a  predetermined  temperature.  The  obtained 
calculation  results  with  sufficient  reliability 
coincide  with  the  test  results  of  carbonized 
CCCM.  The  constructed  model  makes  it  possible 
to  optimize  carbonization  processes  and  minimize 
thermochemical  shrinkage,  to  decrease  porosity 
and  improve  mechanical  characteristics  of 
carbonized  CCCM. 

The  most  crucial  stage  of  the  manufacturing 
technique  for  CCCM  is  the  densification  of  the 
porous  structure  (filling  of  pores  with  pyrolytic 
carbon).  The  densification  is  carried  out  in  an 
isothermal-type  flow  reactor.  In  such  a  reactor 
both  homogeneous  and  heterogeneous  reactions 
are  observed.  The  reactor  gas,  methane,  is 
decomposed  within  a  reactor  with  formation  of 
radicals,  heavy  saturated  and  unsaturated 
hydrocarbons  as  well  as  commercial  carbon. 
Initial  gas  and  products  of  its  homogeneous 
transformation  spread  to  heated  CCCM  surfaces, 
spread  to  porous  structure  and  decompose  on  the 
surface  as  well  as  in  the  pores  with  formation  of  a 
solid  deposit,  i.e.  pyrolytic  carbon. 

A  homogenous  and  heterogeneous-type 
mathematical  model  containing  equations  for  the 
transfer  of  products  and  substances  with  due 
regard  of  their  chemical  transformation  within  a 
reactor  as  well  as  a  porous  structure  of  CCCM  in 
the  process  of  densification,  has  been  developed 
for  the  description  of  the  densification  processes. 
The  methods  for  determination  of  constants  for 
the  rates  of  homogeneous  and  heterogeneous 
reactions  accompanying  the  process  of  pyrolytic 
densification  have  been  developed. 
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The  suggested  mathematical  model  has  been 
successfully  tested  for  the  calculation  of 
densification  processes  for  long  profiles  (angles, 
channels),  shell  structures  and  plates  from  CCCM. 
Design  parameters  of  density  and  porosity 
distribution  over  the  wall  thickness  of  the  material 
to  be  densified  with  an  error  not  exceeding  8  %, 
corresponded  to  the  data  received  in  actual 
processes. 


The  technology  for  CCCM  manufacturing,  used  at 
production  sites,  makes  it  possible  to  obtain 
products  with  various  geometrical  shapes  and 
sizes:  cylinders  and  cones  with  any  cross  section, 
long  profiles,  thin  and  thick  plates,  pipes  and 
disks. 

The  manufactured  CCCM  are  used  as 
constructional  materials,  high-temperature 
insulation,  heating  elements,  crucibles  and 
thermal  units  in  electrical  vacuum  furnaces. 
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Nitride  ceramic  materials  (e.g.  BN,  AIN,  Si3N4) 
possess  a  great  potential  for  wide  application  in 
different  areas  of  industry.  This  is  due  to  good 
combination  of  their  properties  for  use  at  high 
temperatures  in  corrosion  environment.  One  of  the 
promising  methods  of  the  nitride  materials 
production  is  a  combustion  synthesis  (self- 
propagating  high-temperature  synthesis  -  SHS) 
from  compacted  powders  of  corresponding 
components  (e.g.  B,  Al,  Si)  under  high  pressure  of 
gaseous  nitrogen  (an  order  of  several  hundreds  of 
MPa).  Already  in  the  first  experiments  [1] 
studying  combustion  mechanism  of  such  systems, 
the  important  role  of  the  process  of  gaseous 
reagent  filtration  through  a  porous  substance 
towards  the  reaction  front  was  revealed. 
Practically,  the  combustion  modes  at  natural 
filtration  of  an  oxidizer,  when  a  pressure 
difference  controlling  filtration  appears 
spontaneously  due  to  the  oxidizer  consumption  in 
the  combustion  front,  are  widely  applied.  These 
combustion  regimes  are  the  subject  of  theoretical 
modeling  in  this  work. 

The  compacted  sample  composed  of  a  solid 
reagent  and  diluent  powders  in  the  atmosphere  of 
gaseous  reagent  is  considered.  The  left  edge  of  the 
sample  is  ignited  by  a  short-term  thermal  pulse, 
which  initiates  the  combustion  wave  propagation 
due  to  the  heat  released  during  the  exothermic  gas 
-  solid  reaction  yielding  a  solid  product  (nitride 
material).  Lateral  surface  and  edges  of  sample  are 
assumed  to  be  gas-impermeable.  Physically,  it  is 
possible  either  when  the  sample  is  jacketed  or  it 
occupies  entire  inner  volume  of  reactor.  In  this 
case  the  combustion  is  possible  only  due  to  the 
gaseous  reagent  located  in  the  sample  pores,  and 
the  initial  gas  pressure  is  assumed  sufficiently  high 
so  that  the  combustion  wave  propagation  could 
have  place. 

For  describing  the  processes  of  heat-mass  transfer, 
proceeding  in  the  sample  during  the  filtration 
combustion,  the  time-dependent  system  of 
equations  [2]  is  used,  which  reflects  the  laws  of 
the  conservation  of  masses  for  solid  and  gaseous 
reagents,  energy,  the  equation  of  state  of  perfect 


gas  and  Darcy's  law.  In  the  absence  of  heat  and  gas 
flows  through  the  sample  surface,  the  distributions 
of  temperature,  pressure  and  conversion  degree  are 
the  functions  only  of  longitudinal  x  coordinate. 
Previously,  one-dimensional  steady  state 
combustion  modes  were  analyzed  in  [3],  where  the 
criterion  of  the  realization  of  combustion  modes 
with  the  monotonic  and  non-monotonic  pressure 
profiles  of  gaseous  reagent  was  obtained.  The 
same  result  is  obtained  in  this  work  by  another 
method,  which  made  it  possible  to  derive 
distribution  and  maximum  value  of  pressure  in  the 
sample  in  the  explicit  analytical  form. 
Furthermore,  in  contrast  to  [  3  ]  it  became  possible 
to  obtain  a  physically  correct  dependence  of  the 
maximum  pressure  value  and  the  coordinates  of 
maximum  in  the  entire  range  of  a  change  in  the 
important  parameter  L,  which  is  the  ratio  of  the 
scales  of  the  filtration  zone  and  the  heat  effected 
zone. 

Actually,  a  steady  state  combustion  mode  can  be 
observed  only  if  the  characteristic  scales  of  the 
heat  effected  zone  and  the  filtration  zone  are 
substantially  lower  than  the  length  of  the  sample. 
The  first  condition  usually  is  satisfied,  and  the 
latter  can  be  broken.  Evaluations  of  the  filtration 
zone  scale  d  for  the  characteristic  values  of 
combustion  velocity  ~10'3  -10'2  m/s,  filtration 
coefficient  ~10'"  -  10'9  m4/(N  s)  and  the 
stoichiometric  pressure  ~108  Pa  give  the  values  of 
— 102  m,  i.e.,  in  the  best  case,  the  filtration 
zone  scale  is  compared  with  (if  the  sample  length 
is  several  tens  of  centimeters),  or  considerably 
exceeds  the  length  of  real  samples.  Under  these 
conditions,  quasi-stationary  combustion  modes  are 
realized,  which  have  not  been  described  earlier  in 
the  literature  for  the  situation  in  question. 

In  connection  with  the  open  systems  (presence  of 
the  gas  exchange  through  one  of  the  ends  of  the 
sample),  quasi-stationary  regimes  were  analyzed  in 
works  [4,  5].  In  this  work  quasi-stationary 
combustion  modes  in  the  closed  volume  at  high 
initial  pressures  of  gas  are  examined,  when 
initially  in  the  pores  a  significant  quantity  of  an 
oxidizer  is  contained  (in  [4,  5]  the  initial  content  of 
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gas  in  the  pores  was  disregarded,  it  corresponds  to 
low  pressures). 

The  pressure  difference,  which  controls  the 
delivery  of  the  oxidizer  to  the  reaction  front, 
appears  after  the  stage  of  ignition.  Since  in  the 
analyzed  case  the  size  of  the  filtration  zone  is 
compared  with  or  exceeds  the  length  of  the 
reactor,  the  gas,  which  is  initially  located  in  the 
pores,  manages  to  reach  the  front  in  the  quantities, 
which  are  sufficient  for  the  complete  conversion  of 
the  solid  reagent,  the  quasi-stationary  regime  with 
the  maximum  velocity  of  combustion  is  realized. 
In  proportion  to  the  propagation  of  the  combustion 
wave  and  gas  consumption  there  comes  a  moment, 
when  the  pressure  difference  varying  in  the 
magnitude  does  not  ensure  the  required  filtration 
flow  any  longer,  and  the  combustion  transforms  to 
the  regime  of  incomplete  conversion  with  the 
progressively  reduced  conversion  degree.  In 
contrast  to  [4,  5],  in  the  case  of  the  closed  volume, 
the  quasi-steady-state  of  the  process  is  developed 
not  only  in  the  constantly  varying  length  of  the 
filtration  zone,  but  also  in  the  varying  value  of  the 
pressure  in  the  end  (in  [4,  5],  pressure  in  the  open 
end  is  preset).  The  specific  character  of  the 
problem  is  developed  also  in  the  fact  that  although 
the  propagation  of  the  combustion  front  is 
controlled  by  the  filtration  counter  flow,  the 
observed  process  picture  is  a  reverse  one  that  is 
described  in  [4],  At  first,  the  combustion  regime 
with  complete  conversion  is  realized,  then  it 
transforms  to  the  regime  with  incomplete 
conversion. 

It  is  well  known,  that  with  the  specific  values  of 
the  parameters,  the  steady  state  combustion  mode 
can  become  unstable  due  to  the  unbalance  of  the 
processes  of  heat-mass  transfer  inside  the 
combustion  wave.  In  this  case  the  realization  of 
self-oscillating  combustion  mode  is  possible.  In  [6] 
on  the  basis  of  the  numerical  calculations  of  the 
one-dimensional  time-dependent  system  of 
equations,  the  conclusion  was  made  that  at  high 
pressures,  the  self-oscillating  regimes  were 
realized  only  at  the  degeneration  of  the  filtration 
system  into  the  gasless  one.  The  calculations 
carried  out  in  this  work  show  that  the  self- 
oscillating  regimes  are  possible  in  the  wider 
parametric  area.  The  profiles  of  temperature  dand 
conversion  degree  rj  at  the  self-oscillating 
combustion  are  shown  in  figure  with  the  equal 
time  intervals.  It  is  possible  to  see  that  the 


pulsations  appear  only  at  the  stage  of  the 
combustion  regime  with  complete  conversion  and 
disappear  at  the  subsequent  quasi-stationary  stage 
with  the  incomplete  conversion. 


A  difference  in  the  combustion  modes  during  the 
nitrides  synthesis  can  affect  the  structure  of  the 
obtained  material,  since  in  the  self-oscillating 
regime  during  the  flash,  the  maximum  temperature 
in  the  reaction  zone  considerably  exceeds  the 
temperature  reached  in  the  mode  with  the  constant 
combustion  velocity. 
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In  the  present  work  a  case  of  combustion  in  a  two- 
dimensional  heterogeneous  random  medium  is 
considered  when  the  characteristic  scales  of 
combustion  wave  are  less  than  the  sizes  of 
structural  elements  of  a  reacting  system. 
Mechanically  activated  powder  mixtures  of 
intermetallic  compounds  (e.g.,  Ni-AI,  Fe-Al,  Ni- 
Ti,  etc.)  diluted  by  an  inert  component  with  the 
purpose  to  improve  some  physical  properties 
(solidity,  heat  resistance,  etc.),  are  the  prototypes 
of  such  systems.  It  is  shown  that  in  these  systems 
a  percolation  combustion  regime  is  possible.  In 
this  regime  the  combustion  process  has  a  form  of 
successive  ignition  of  connected  combustible 
(mechanically  activated)  particles  constituting  a 
percolation  cluster.  This  cluster  extends  over  the 
whole  system,  contrary  to  finite  clusters,  which 
locate  in  the  small  regions  of  the  system.  In  this 
work  we  investigate  the  conditions,  under  which 
the  propagation  of  the  SHS  process  can  occur  in 
the  percolation  regime. 

Numerical  simulation  of  gasless  combustion  of 
2D  heterogeneous  random  systems  have  been 
performed.  The  following  model  of  such  system  is 
adopted  in  the  present  study.  The  basic  element  of 
the  model  is  an  elementary  cell.  It  includes  a  solid 
phase  (the  effective  particle)  and  chemically  inert 
gaseous  inter-layers.  The  elementary  cells  are 
placed  in  the  nodes  of  a  square  lattice  of  the  size 
Ly.L.  All  cells  have  similar  physical  properties 
(density,  thermal  conductivity,  etc.)  and 
geometrical  characteristics  (shape  and  size).  They 
are  different  only  in  chemical  composition  of  the 
solid  phase:  a  cell  contains  either  the  mixture  of 
components  in  a  fixed  proportion  (a  reactive  cell) 
or  an  inert  substance  (an  inert  cell).  It  is  supposed 
that,  in  the  initial  state,  the  components  in  a 
reactive  cell  are  mixed  uniformly.  The  kind  of 
each  cell  is  determined  on  the  random  basis:  a  cell 
is  either  reactive  (with  a  given  probability  p)  or  it 
is  inert  (with  the  probability  1  -p).  The  local 
chemical  composition  of  a  reactive  cell 
(conversion  degree  _(x,y))  varies  in  the  course  of 
reaction  propagation.  Unlike  the  existing  models 
of  random-media  combustion  [1,2],  the  developed 
approach  treats  each  particle  as  a  macroscopic 


object  with  its  own  nonstationary  temperature  and 
concentration  fields. 

Proposed  model  is  described  by  the  following 
system  of  equations  for  dimensionless  variables: 


where  /  1..L  and  j— 1..L  are  sequence  numbers  of 
a  cell  in  x-  and  y-direction,  L  is  the  size  of  the 
system,  c(0)  is  the  initial  concentration  of  the  fuel 
in  a  cell  (c(0)  is  equal  to  1  or  0),  0  is 
dimensionless  temperature  and  ^  is  dimensionless 
heat-loss  parameter.  The  heat  fluxes  at  the 
boundaries  of  a  cell  are  determined  by  the 
temperature  difference  and  Biot  number  Bi. 


Fig.\.  Frontal  (a)  and  percolation  (b)  regimes  of 
combustion  wave  propagation  in  a  random 
heterogeneous  medium  (temperature  field).  The 
increase  in  the  temperature  is  represented  by  the 
change  of  color  from  dark  to  light.  Part  of 
combustible  particles  p  is  60  %.(□-  inert  cellsM 
reactive  cells  belonging  to  finite  clusters,  ffl  - 
reactive  cell  belonging  to  a  percolation  cluster). 


Some  of  our  modeling  results  presented  in  Figs.  1  - 
3.  Figure  1  demonstrates  the  examples  of  two 
different  combustion  regimes  in  2D  random 
heterogeneous  system.  Estimations  and  numerical 
modeling  have  shown  that  percolation  regimes  are 
possible  if  three  conditions  are  satisfied.  The  first 
of  them  is  that  each  particle  can  bum 
independently,  i.e.  the  ratio  of  the  combustion 
zone  scale  to  the  particle  size  should  be  less  than 
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unity  and  the  heat  exchange  between  particles 
should  be  hampered.  The  second  condition  says 
that  the  heat  losses  should  be  not  far  from  the 
extinction  limit.  The  third  condition  relates  to  the 
initial  organization  of  a  medium:  the  percolation 
regime  of  combustion  is  possible  if  the 
concentration  of  combustible  particles  is  in  a 
vicinity  of  a  percolation  threshold  [3]. 


Fig.  2.  Mean  conversion ,  r|.  in  the  random 
heterogeneous  systems  of  the  size  25  x  25  versus 
dimensionless  heat-loss  parameter,  %  (see 
comments  in  text).  A  -  percolation  cluster  is 
present;  +  -  percolation  cluster  is  absent. 

The  influence  of  a  combustion  regime  on  a  final 
product  structure  can  be  obviously  shown  by  the 
example  of  mean  degree  of  conversion  of 
combustible  cells  (Fig. 2).  In  this  figure  case  a) 
corresponds  to  percolation  regime  and  case  b)  to 
frontal  regime  of  combustion.  The  critical  values 
of  the  heat-loss  parameter  %  have  been  also  found 
for  regions  of  system  parameters,  when  existence 
of  a  percolation  cluster  of  reactive  particles 
possesses  key  advantages  for  combustion  wave 
propagation  in  comparison  with  the  case  when 
such  a  cluster  is  absent. 


The  influence  of  the  system  size  on  the  mean 
degree  of  conversion  has  been  studied  for  systems 
with  the  number  of  particles  12x12,  25x25,  50x50 
and  100x100  (Fig.3).  We  have  to  point  out  once 
again  that  predicted  regime  of  combustion  could 
essentially  influence  the  structure  of  SHS- 
products.  So,  in  a  number  of  experimental  works 
on  burning  of  SHS-systems,  samples  were 
observed  which  did  not  bum  out  or  burned  very 
for  a  certain  ratio  of  mixtures  [4-6].  In  the 
proposed  approach,  the  given  phenomenon  finds 
natural  explanation. 

We  suppose  that  the  first  candidates  for 

percolation  regimes  of  combustion  are  SHS- 

processes  in  thin  films  and  coatings.  The 

following  list  presents  SHS-systems  where 
percolation  combustion  could  be  also  reveal: 

1.  SHS-systems  near  the  concentration  limits 
of  combustion; 

2.  Mechanically  activated  systems  with 

relatively  low  degree  of  activation  (Ni-AI, 
Fe-Al,  etc.); 

3.  Diluted  metal-oxide  systems  (Al-Fe203,  Al- 
NiO,  etc.); 

4.  Multi-component  systems  with  substantial 
difference  in  adhesion  properties  of 
components. 
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Introduction.  Porous  surface  on  article  is 
necessary  when  one  would  like  to  give  the  surface 
special  property,  which  is  different  from  the  bulk 
material.  For  example,  porous  surfaces  can  results 
in  components  with  surfaces  with  a  low  friction 
coefficient,  increased  light  absorption  coefficient, 
controlled  heat  and  acoustical  wave  absorption,  or 
increased  intensity  of  heat  exchange  between  a 
surrounding  medium  and  the  articles.  Porous 
surfaces  can  also  results  in  the  increase  surface 
area  of  an  article  to  change  decorative  properties, 
or  to  reduce  the  level  of  mechanical  resistance  of 
surface  layer  to  an  attrition  or  cutting.  It  is  also 
extremely  important  to  have  a  strong  interface 
between  the  porous  surface  and  the  bulk  materials 
even  at  high  level  of  porosity.  A  unique  method  is 
proposed  to  produce  novel  materials  with  special 
porous  surface  that  is  strongly  bonded  to  desired 
structure  bulk  materials  as  space  structure  of  high- 
performance  heat  exchangers  and  cooling  panel 
for  hypersonic  and  space  vehicle. 

Unfortunately,  the  currently  available  ways  of 
obtaining  of  porous  coverings  on  metal  or  ceramic 
do  not  allow  having  sufficient  durability  at 
porosity  more  than  40  %.  It  is  almost  impossible 
to  supply  strong  enough  adhesion  of  the  porous 
layers  to  solid  body.  Besides  the  organization  of 
required  pore  space  structure  represent  very 
serious  technical  problem  and  obtaining  of 
honeycomb  structure  is  almost  impracticable  in 
real  technological  process. 

Technical  Approach.  We  offer  to  create  rather 
simple  and  inexpensive  technological  process, 
which  will  allow  solving  two  most  serious 
problems  with  creating  porous  structure  on  a 
surface  of  monolithic  metals  and  ceramics 
articles: 

•  Considerably  to  increase  toughness  of  a  layer 
and  its  junction  with  a  monolithic  matrix, 

•  To  realize  honeycomb  type  porosity  forming, 
either  closed  spherical  or  ellipsoidal  pores. 

Scientific  basis  of  the  proposed  project  is  based 
on  the  recently  discovered  gas  eutectic 
transformation  [1-3].  This  concept  is  based  on  the 


decomposition  of  hydrogen  saturated  fluid  into 
solid  and  gaseous  phases  simultaneously,  at 
temperatures  lower  than  gas  eutectic  equilibrium. 
This  phenomenon  creates  porosity  and  the  degree 
of  porosity;  shape  and  the  pore  size  are 
determined  by:  hydrogen  concentration,  direction 
and  rate  of  solidification,  and  gas  phase  pressure 
at  the  solidification.  The  porous  materials 
obtained  in  such  a  way  (named  gasars )  differ 
from  the  conventional  porous  materials  by  having 
much  higher  toughness  and  structure  variety  as 
contrasted  to  traditional  [1-3],  No  melt  foaming 
occurs  because  the  gas  is  evolved  as  the  melt 
freezes.  The  main  process  variables  that  govern 
the  amount  of  porosity  and  the  size,  shape,  and 
orientation  of  the  pores  are  the  hydrogen  level  in 
the  melt,  gas  pressure  over  the  melt  in 
solidification,  direction  and  rate  of  heat  removal, 
and  alloy  chemical  composition.  By  changing 
these  variables,  one  can  control  the  gasar  pore 
structure  over  a  wide  range. 

The  technological  scheme  to  produce  the  porous 
coatings  includes  two  subsequent  stages: 

•  melting  of  solid  article  surface  layer  with 
simultaneous  saturation  of  melt  with 
hydrogen  to  required  concentration, 

•  solidification  of  the  melted  layer  at  specific 
external  parameters. 

Melting  of  a  surface  metal  layer  while  keeping  up 
the  larger  part  of  the  article  in  solid  state  is  today 
an  easy  realizable  technical  problem.  For  this 
purpose  may  be  used  electrical  arc,  laser,  plasma 
flux,  induction  heating,  flow  of  elementary 
particles  or  ions,  intensive  friction,  concentrated 
solar  radiation,  energy  of  explosion.  The  first  four 
methods  are  the  most  suitable  to  for  our  proposed 
technology.  To  ensure  the  required  level  of 
hydrogen  concentration  in  the  melted  layer,  three 
methods  we  used: 

•  Preliminary  product  surface  saturation  with 
hydrogen  from  the  gaseous  phase  or  by  the 
way  of  electrolysis  in  other  unit. 

•  Coating  of  the  surface  before  melting  with  the 
layer  of  substance  which  actively  releases 
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hydrogen  on  heating  (hydrides,  liquid,  solid  or 
viscous  hydrocarbons,  paper  type  porous 
materials  impregnated  with  water). 

•  Placement  of  articles  in  hermetically  sealed 
chambers,  filled  with  hydrogen  or  a  mixture 
of  hydrogen  with  nitrogen  or  argon. 
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The  general  model  of  the  saturation  of  the 
technology  is  shown  in  the  Figure  3.  Commonly 
we  obtain  thing  solid  skin  on  the  top  of  article 
(see  top  figure).  The  skin  can  be  removed  by 
machining  or  chemical  etching.  Using  soft  energy 
blasting  we  can  make  open  pores  directly  after 
scanning  (se  bottom  figure). 
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The  thermic  regimes  of  a  novel  version  of  the 
process  of  thermoreactive  electrospark 
strengthening  (TRES)  of  the  surface  [1]  has  been 
for  the  first  time  studied  with  the  use  of  the 
methods  of  mathematical  modeling.  The 
experimental  procedure  has  been  performed 
according  to  the  following  scheme.  A  40-100  pm 
thick  layer  of  a  reactionable  mixture  of  a  certain 
composition  is  placed  onto  the  surface.  An 
electrical  discharge  induced  by  the  repeated 
contact  of  the  electrode  to  the  sample  to  be 
strengthened  provides  the  green  mixture  heating  at 
the  contact  point.  An  as-initiated  chemical 
exothermic  reaction  of  the  components  results  in 
the  formation  of  a  protecting  layer  on  the  sample 
surface.  The  present  version  of  the  method  saves 
the  electrode  material  and  the  required 
performance  characteristics  of  the  coating  are 
achieved  by  variation  of  the  green  mixture 
composition,  the  thickness  of  the  working  layer, 
and  the  power  and  duration  of  the  spark  discharge. 

The  following  model  process  is  considered.  At 
t  =  0 ,  an  electrode-cathode  is  brought  to  the 
contact  with  the  green  mixture  layer  placed  onto 
the  alloyed  surface  and  closes  the  electrical 
circuits.  The  components  of  the  reactionable  layer 
are  heated  with  the  electrical  current  applied.  A 
sharp  increase  in  the  rate  of  the  chemical  reaction 
in  the  surface  layers  brought  about  by  the 
substance  heating  may  lead  to  the  green  mixture 
ignition  and  its  burning  out.  It  is  believed  that  the 
main  resistance  is  located  on  the  electrode-green 
mixture  interface  and  the  greater  portion  of  heat  is 
evolved  therein.  It  is  also  supposed  that  the  energy 
of  the  heat  release  is  constant  and  proportional  to 
that  of  the  electrical  discharge.  Therefore,  a 
permanent  thermal  flow  on  the  surface  of  the 
electrode-green  mixture  interface  (the  boundary 
conditions  of  the  2nd  kind)  can  be  used  in  the 
mathematical  description  of  the  TRES  process.  At 
t  =  th,  the  electrode  is  removed  from  the  alloyed 

surface,  the  electrical  circuit  is  broken  and  the 
adiabatic  boundary  condition  is  achieved  on  the 


surface  layer  of  the  green  mixture.  In  At  =  tai , 

the  electrode  is  again  brought  to  a  contact  with  the 
alloyed  surface  and  the  process  of  heating  is 
resumed.  Thus,  mathematics  modeling  of  the 
process  of  the  alloying  coating  deposition  with  the 
use  of  the  TRES  modified  method  is  reduced  to 
the  study  of  the  thermic  regime  of  the  process  of 
chemical  conversion  of  the  reactionable  substance 
layer.  The  main  goal  of  the  study  is  to  find  such 
values  of  the  governing  parameters  that  could 
allow  one  to  perform  TRES  under  controllable 
conditions,  i.e.  to  perform  the  green  mixture 
conversion  to  a  coating  without  considerable 
overpassing  of  the  pre-given  level  of  heating.  In 
our  calculations,  the  heating  level  has  been  fixed 
at  the  temperature  of  the  green  mixture  layer  of  a 
large  thickness  (an  infinite  one  in  the  limiting 
case)  ignition  Tlg  with  a  constant  energy  flow  - 

q0 .  As  known  from  the  thermic  theory  of  ignition 
[2],  if  the  temperature  on  the  green  mixture 
surface  is  2-3  characteristic  intervals  R Tig  j E 

higher  than  Tig ,  the  further  temperature  growth  is 

of  a  progressive  character  (the  higher  is  the 
temperature,  the  high  is  the  heating  rate)  and  is 
well  described  by  analytical  formulas  used  in  the 
theory  of  adiabatic  thermic  explosion  [3],  It  is 
particularly  important  that  the  control  over  the 
temperature  growth  at  the  stage  of  thermic 
explosion  is  practically  impossible.  Therefore,  one 
must  not  let  the  green  mixture  heating  over  Tig, 

since  it  can  lead  to  the  coating  overbuming  and 
non-uniformity  of  its  physicochemical  properties. 
In  the  present  study,  the  Tig  value  has  been 

determined  with  the  use  of  the  methods  of  the 
thermic  theory  of  ignition  [2,  3], 

The  L,  =  Lcr  values  for  various  0^ ,  P ,  c,  ,  that 
could  provide  overheating  of  the  green  mixture  at 
L/  <  Lcr  and  the  condensed  products  at 

0  <t  < x cm not  higher  than  1-1.5  characteristic 
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intervals  RT?/E,  have  been  derived  by 

numerical  computation  of  the  initial  problem.  It 
has  been  found  that  such  conditions  can  be 
practically  always  achieved  at  Lt  <1 .  Therefore 
Lj  - 1  has  been  taken  for  Lcr . 

0  „ .  P ,  c,  -  are  non-dimensional  initial 

temperature  gradient,  the  period  duration,  and  the 
ratio  of  the  thermal  conductivity  of  the  substrate 
to  the  green  mixture,  respectively;  Lj,L2  -  Lj  - 
are  respective  thickness  of  the  green  mixture  layer 
and  the  metallic  substrate;  xcov-  is 

nondimensional  time  of  the  coating  deposition. 
The  latter  has  been  determined  in  the  following 
way:  the  process  of  alloying  is  believed  to  be 
accomplished  if  the  degree  of  the  green  mixture 
conversion  r\  on  the  green  mixture-substrate 
interface  has  achieved  98%. 

At  Lj  >  Lcr ,  intense  conversion  of  the  green 
mixture  can  start  only  after  the  temperature  on  the 
external  boundary  (£,  =  0  )  has  become  equal  to  or 
exceeded  the  ignition  temperature,  i.e. 
Q,(x,‘%=0)  is  higher  than  zero.  Then  the 
temperature  on  the  green  mixture  surface  is 
sharply  increased  and  the  greater  portion  of  the 
starting  reagents  is  converted  to  the  products  in 
the  combustion  wave  propagating  from  the  heated 
surface  to  the  green  mixture-substrate  interface.  It 
should  be  noted  that  at  the  stage  of  combustion, 
the  reagent  heating  in  the  reaction  zone  exceeds 
the  adiabatic  temperature  of  the  reagent  mixture 
combustion  at  the  given  initial  temperature 
Q  Iad  = -Q  N  +  l/y  ■  A  more  detailed  analysis 
shows  that  the,  upper  estimate  for  the  maximum 
heating  can  be  the  0  Imax  -  -1  +  i/y  . 

The  process  of  TRES  is  quite  different  at 
Lj  <  Lcr .  In  this  case,  intense  conversion  of  the 

initial  reagents  also  begins  at  t,£  =0)<0 . 
However,  chemical  heat  release  does  not  evoke 
the  exponential  growth  of  the  temperature  inside 
the  green  mixture,  since  additional  heat  has  time 
to  be  removed  to  the  inert  substrate.  Complete 
conversion  of  the  reactionable  substance  is 
accomplished  when  heating  at  the  green  mixture- 
substrate  interface  is  approximately  equal  to  the 
ignition  temperature  Qj(^=Lj)  =  0.  At  that 
moment  the  surface  temperature  does  not  exceed 


the  1-1.5  values,  i.e.  at  L;  <  Lcr ,  the  process  of 
chemical  conversion  is  of  a  quasi  voluminal 
character. 

The  following  practice-important  conclusions 
have  been  made. 

1.  The  value  of  the  characteristic 
temperature  of  chemical  conversion  can  be 
regulated  by  varying  the  discharge  power  and  , 
consequently,  the  value  of  the  heat  flow  at  the 
active  stage  of  the  process. 

2.  To  let  the  coating  be  formed  at  the 
characteristic  temperature  the  active  layer 
thickness  should  be  less  than  some  critical  one. 

3.  The  actual  values  of  the  discharge 
power  and  the  thickness  of  the  green  mixture  layer 
depend  on  the  properties  of  the  green  mixture 
used  and  can  be  evaluated  in  the  independent 
experiment  on  ignition  and  combustion  of  the 
samples  pressed  of  the  same  mixture. 
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The  brittle  failure  of  a  plate  can  be  caused  by  set 
of  alternate  processes.  All  mechanisms  for  such 
processes  are  determined  by  operation  of  breaking 
stress.  In  theoretical  homogeneous  compact  solids 
the  crack  will  have  the  form  of  a  straight,  but  in 
practice  the  heterogeneity  of  a  material  determines 
zones  mainly  approaching  for  destruction,  and, 
therefore,  it  inevitably  detennines  a  stochastic 
nature  of  a  crack. 

The  tree  structures  of  cracks  were  considered  as 
fractal  objects,  for  which  it  was  fair  S  ~  (Ld), 
where  S  -  the  mass  of  structure,  length  -  L. 
Generally,  the  tree-like  cracks  can  accept  one  of 
two  main  forms  [1]: 

1)  "Branched"  (fractal  dimension  in  limits 

(df=  1,2  - 1,8); 

2)  "Sectional"  (df=2,5). 

It  is  known  that  branched  tree-like  structures  are 
propagated  faster,  than  sectional  (which  can  even 
stop  body  height)  and  thus  they  are  more 
dangerous  at  operating  loads.  It  is  important  to 
understand  mechanisms,  which  cause  destruction 
of  compact  solids,  and  also  factors  defining  a 
fractal  size  of  the  tree-like  structures. 

Firstly  we  shall  consider  the  elementary  process 
of  the  brittle  failure.  We  shall  assume  that  one  of 
the  extremities  of  a  thin  friable  rod  is  clipped 
fixedly,  and  another  is  free.  If  the  moving  d  of  the 
free  extremity  is  less  than  some  critical  dc,  the 
modulus  of  rigidity  is  constant.  When  d  exceeds 
dc,  the  rod  can  break,  and  the  modulus  of  rigidity 
G  suddenly  lowers  to  the  very  small  value. 
Further  we  shall  consider  a  plane  square  lattice 
composed  from  such  friable  rods.  This  lattice  will 
simulate  a  plate.  If  we  assume,  that  moving  in 
sites  of  such  lattice  is  perpendicular  to  the  plane 
(problem  about  anti  plane  shear),  equilibrium 
equation  of  forces  is  written  as: 

EkGk(ij){uk(i,j)-U(i,j)}=0,  (1) 

Where  U  (i,  j)  -  vectors  of  moving,  and  the  index 
k  indicates  the  direction.  In  a  limit  of  the 


continuous  environment  (plate)  the  relation  (1) 
passes  in  the  fundamental  conservation  law: 

V(GVU)  =  0  (2) 

In  the  specific  case  from  the  equation  (2)  it  is 
possible  to  receive  the  Laplace  law  at  G  =  const. 

It  is  possible  to  set  temporary  evolution  of  a 
friable  lattice  with  the  help  of  the  following 
algorithm: 

1) .  Give  a  set  of  a  rigidity  modulus  {G}  for  each 
rod,  thus  it  is  necessary  to  take  into  account 
heterogeneous  character  of  structure  of  a  lattice; 

2) .  Set  boundary  conditions  on  {Uk}  (they  should 
correspond  to  such  physical  situation,  when  the 
tensile  strain  is  affixed  on  the  upper  edge,  and  the 
lower  edge  is  fixed); 

3) .  Test  each  rod  (which  is  undestroyed); 
if  the  condition  of  destruction  is  satisfied 

|Uk(i,  j)  -  U(ij)|  >  Vc,  you  should  produce 
replacement  G  =kG,  where  A.  «  1 ; 

4) .  Change  boundary  conditions,  if  at  execution  of 
prior  stages  of  the  procedure  any  new  rod  was  not 
destroyed,  otherwise  return  to  item  2  and  prolong 
execution  of  the  procedure.  Stop  the  process,  if 
the  percolation  structure  was  formed  across  the 
lattice. 

The  density  of  the  function  of  probability 
determines  the  registration  of  heterogeneities  of  a 
friable  lattice: 

P(x)  =  pd(x-G)  +  (1  -p)d(x-IG),  (2) 

Where  p  is  probability  of  appearance  of  a  rigid 
rod.  A  the  probability  of  the  appearance  of  the 
through  structure  from  friable  rods  is: 

R(p)  =  N/F,  (3) 

Where  N  -  number  of  the  appeared  through 
clusters,  F  -  complete  number  of  the 
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configurations  from  rods  of  two  types.  The  graph 
of  the  given  function  is  shown  in  the  fig.  1. 


If  to  suggest  that  the  destruction  occur  by  a 
multilevel  image,  it  is  possible  to  define,  how  the 
breaking  stress  varies  at  transition  from  one  level 
to  another. 

u 


-  L 

Fig.  2.  A  stress  variation  of  destruction  with  a 
scale  of  a  non-uniform  flat  plate 

If  the  concentration  of  heterogeneities  is  defined 
by  the  law 


R(P)  =  P,  (4) 

then  the  stress  of  destruction  will  depend  on 
numbers  of  a  level  under  the  law  U  ~  Lf  (see  fig. 
2). 


Fig.  3  (a)  One  of  the 
typical  configurations  a 
crack  for  the  branched 
fractal 


Fig.  3  (6).  One  of  the 
typical  configurations 
of  a  crack  for  the 
sectional  fractal 


In  the  fig.  3  (a)  and  3  (b)  the  characteristic 
configurations  of  cracks  generated  at  uniform 
expansion  are  shown.  The  configurations  are  self¬ 
similar  with  fractal  dimension  1,62  ±  0,05  at 
extension  for  the  branched  fractal  and  1,9  ±  0,05 
for  the  sectional  fractal. 

We  investigated  propagation  of  a  fragile  crack  in 
an  ideal  square  lattice,  in  which  rigid  rods  connect 
the  nearest  nodes  among  themselves.  His 
appeared  that  the  configuration  of  the  cracks  in 
such  system  has  a  fractal  nature.  We  pay  attention 
to  the  following: 

1) .  Lattice  relaxes  in  the  field  of  the  destroyed 
links. 

2) .  There  is  the  large  deformations  are  watched  on 
active  extremities  of  the  configuration. 

3) .  The  symmetry  imposed  by  boundary 
conditions  is  clearly  appreciable  on  the 
configurations  of  cracks. 

The  by  us  conducted  operation,  could  give  a  start 
for  the  series  of  researches  of  gradually  becoming 
complicated  models  of  destruction.  Using  fractal 
geometry,  such  researches  could  promote  the  best 
understanding  of  appearances  of  destruction  in 
materials.  One  of  the  above  described  attractive 
outcomes,  is,  that  the  fractal  dimension  weakly 
depends  on  boundary  conditions.  At  the 
comparison  of  above  mentioned  fractal 
dimensions  of  cracks  and  clusters  obtained  in  a 
two-dimensional  case  at  a  restricted  diffusion  of 
cauterization  and  a  breakdown  of  dielectrics,  all 
three  fractal  dimensions  coincide  [2]. 
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The  way  of  reception  of  powder  parts  and 
preforms  by  dencification  in  the  closed  die  with 
rigid  walls  under  action  of  applied  axial  strength  is 
one  of  widely  distributed  methods  in  th 
technology  of  hot  and  cold  forging  of  sintered 
porous  preforms.  In  turn,  development  o 
technological  processes  of  powder  forging 
promoted  the  development  of  various  methods  of 
accounting  and  analysis  of  the  stressed  and 
deformed  condition  of  the  preform  material  during 
its  processing,  which  are  reduced,  mainly,  to 
analytical  [1-2]  and  numerical  methods  [3-5],  the 
widest  application  among  Much  has  received  a 
method  of  final  elements  [4-5]. 

In  a  present  work  the  attempt  of  description  of 
densification  process  of  a  porous  body,  which 
material  submits  to  a  condition  of  plasticity  of  a 
kind  [1]: 

j?2  r2 

7(©)+Z(©)  =  0'  0) 

is  undertaken  with  use  of  advanced  in  a  work  [6] 
method  of  petrmeable  elements  method.  The 
technique  of  account  is  based  on  a  principle  of  a 
minimum  of  complete  power  of  deformation, 
according  to  which  from  all  the  kinematically 
possible  speeds  of  particles  movings  fields  of  the 
deformed  body  the  valid  one  renders  minimum  to  a 
functional  of  complete  power  of  deformation,  and 
kinematically  possible  field  of  speeds  thus  is 
considered  as  the  approximation  of  the  valid  one 
and  gets  out  from  the  classes  of  rather  simple 
functions  (for  example  -  polynomal). 

Thus,  the  function  of  a  speeds  field  should 
satisfy  boundery  conditions,  which,  for  our  case, 
look  like: 

Vz=0  at  z=0; 

VZ=V0  at  z=h;  .  (2) 

where  V0  is  a  speed  of  the  upper  punch  movement 
,  h  -  is  a  current  height  of  the  preform 
deformed. 

Accepting  assumptions  about  equality  to  zero  of 
radial  deformations  in  volume  of  a  porous  body, 
for  the  description  of  a  speeds  field  that  satisfy  to 
boundary  conditions  (2)  we  shall 
sostojiania  uplotniaemogo  osesimmetrichnogo 
poristogo  tela  s  ispolzovaniem  variatsionnich 


accept  dependences: 

V*  =  ~V°  ~h  l~a^l  +  a*  ^)(1  ~  h\  (3) 

K=0; 

where  R  is  radius  of  preform  forged,  ai  and  a2  are 
the  varied  parameters,  which  value  at  every  step  of 
deformation  can  be  found  of  a  condition  of 
minimization  of  the  variational  function  for  rigid  - 
plastic  porous  body  of  a  kind  [7]: 


J=Z§S(pe  +  TH)dV  + 


For  numerical  simulation  of  a  process  the 
deformed  axisymmetrical  porous  body  has  been 
conventionally  broken  into  the  ring  elements  with 
rectangular  cross  sections  having  equal  initial 
porosity,  in  which  units  parameters  included  in  the 
equation  (4)  were  defined. 

Account  had  been  made  by  consecutive  small 
deformations  mode.  On  each  step  of  deformation 
parameters  value  that  minimi  ye  the  quantity  of 
functional  (4)  were  found  and  the  value  of  porosity 
reduction  and  current  meaning  of  each 
elementary  cell  porosity  defined.  The  last  ones 
served  as  the  initial  data  for  the  subsequent 
settlement  step  of  deformation. 

The  analysis  of  the  modeling  results  has  shown, 
that  on  the  first  stage  of  deformation  density 
difference  in  volume  of  preform  is  increased, 
whereas  at  the  final  stage  of  deformation  is 
observed  the  tendency  to  decrease  of  density 
difference  up  to  its  complete  elimination  with 
achievement  of  practically  pore  free  stage  of  a 
material  deformed. 
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Mvshlyaev  M.M.(1).  Kamalov  M.M.<2),  Myshlyaeva  M.M.(2),  Medvedev  A.S.(2) 
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INTRODUCTION:  Scientists  and  technologists 
have  been  displaying  recently  an  active  interest  in 
aluminium-lithium  alloys  due  to  unique 
combination  of  their  properties,  namely,  an 
increased  elastic  modulus,  sufficiently  high 
strength  and  low  density.  Nowadays  much  work  is 
in  progress  aimed  at  improvement  of  properties  of 
these  alloys,  also  by  forming  in  them  nano-  and 
microcrystalline  structure  via  intensive  plastic 
deformation.  It  is  generally  acknowledged  herewith 
that  equal-channel  angular  pressing  (ECA-pressing) 
is  one  of  the  most  promising  methods  to  achieve 
the  goal.  In  this  work  precisely  this  method  was 
employed  for  the  formation  of  a  microcrystalline 
structure.  The  object  to  study  was  the  prospective 
lightest  (density  2.47  gxcm'3)  corrosion  resistant 
weldable  alloy  1420  (AI-5:5%Mg-2.2%Li- 

O.I2%Zr).  It  is  superplastic  and  is  widely  used  to 
fabricate  workpieces  of  a  complicated  profile. 
Typical  characteristics  of  its  superplasticity  (SP) 
are  as  follows:  strain  to  failure  is  350%  and  the 
coefficient  of  strain  rate  sensitivity  of  stress  is  0.45 
at  a  strain  rate  of  5x  10'3  s'1  at  T=480°C  [1]. 

PROCEDURES,  RESTULTS  AND  DISCUSSION: 
The  rods  (20  mm  in  dia,  70  mm  in  length)  were 
produced  by  sequentially  ECA-pressing  the 
material  for  10  passes  at  370°C.  Structure  and 
phase  state  were  studied  by  an  electron  microscopy 
(JEM-100CX).  Three  sample  sections,  i.e.  normal 
to  the  rod  axis  and  two  mutually  perpendicular  and 
parallel  to  the  rod  axis  were  examined.  Flat 
samples  (0.85  mm  in  thick,  5  mm  in  gauge  length) 
to  be  tested  under  tension  in  Instron  machine  were 
prepared. 

The  investigations  showed.  Rods  demonstrated 
grained  structure.  About  50%  of  grains  measured 
from  0.5  to  3  pm,  grains  measuring  from  3  to  5 
pm  made  up  30-40%,  from  5  to  8  pm  -  10-20%. 
Normally,  the  grains  exhibited  subgrains 
containing  both  individual  dislocations  and 
dislocation  cells  and  tangles.  The  subgrain 
misorientations  were  2-8°.  The  subgrain 
boundaries  consisted  of  dislocations.  Often  they 
were  quite  regular  dislocation  networks  and 
single-row  walls.  They  measured  from  0.3  to  2 


pm,  depending  on  the  grain  size.  Fractured  and 
broken  subgrain  boundaries  were  frequent. 
Dislocation  motion  and  migration  of  subgrain 
boundaries  were  observable  when  examining  the 
structure.  In  individual  cases  bent  extinction 
contours  were  observed  that  is  suggestive  of  the 
occurrence  of  internal  stresses.  The  rods 
demonstrated  numerous  particles  of  the  Al2LiMg 
phase  of  various  sizes  and  configurations  and 
small  particles  of  the  8'  (AljLi)  phase.  The 
formers  were  found  in  the  grain  and  subgrain 
interiors  and  at  their  boundaries  as  well  as  on 
dislocations.  In  the  latter  case  particles  were 
small. 

The  diagrams  describing  the  connection  of  true 
stress  a  with  true  strain  e  were  experimentally 
obtained.  They  showed  three  stages  of  plastic 
deformation.  The  first  one  was  rather  continuous 
stage  of  deformation  hardening.  The  second  stage 
was  characterized  by  constancy  a.  The  third  one 
was  a  stage  of  monotonous  fall  of  a  with  increase 
in  e  value.  This  stage  was  the  most  continuos  in 
true  strain  and,  consequently,  in  elongation.  To 
determine  the  true  strain  rates  in  these  stages  we 
obtained  a  dependence  of  e  on  e  using  the  same 
testing  conditions.  This  dependence  showed  that 
strain  rates  10  2s  1  and  10~3  s'1  corresponded  to 
the  first  and  the  third  stages,  correspondingly.  The 
former  indicated  strain  rate  is  characteristic  for  SP 
deformation  (SPD)  at  the  expense  of  sliding  inside 
grains  [2],  The  last  indicated  strain  rate  is  typical 
for  SPD  of  fine-grained  materials,  when  SP  is 
conditioned  by  grain  boundary  sliding  [3,4]. 

Studies  of  the  dependence  of  deformation  up  to 
failure  on  the  initial  strain  rate  and  testing 
temperature  (7)  showed  that  the  range  of  365- 
400  C  and  sm— \  ,7x  1 0  2  s  1  were  the  most  optimum 
to  attain  the  largest  strain.  The  greatest  value  of  the 
attained  elongation  was  1878%.  Note  (see 
Introduction)  that  this  alloy,  not  subjected  to  ECA- 
pressing,  exhibited  the  SP  elongation  (350%)  and 
its  SP  manifested  itself  at  a  much  higher 
Temperature  (480°C)  and  a  noticeably  smaller 
strain  rate  (5x1 0'3  s'1). 
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The  analysis  of  the  collected  experimental  data 
with  take  into  account  the  ones  presented  in 
literature  showed  that  the  connection  among  e,  a 
and  T  can  be  well  described  by  the  known 
relationship: 

e  =  eox  exp(- UlkT)  =  AcfT  1  x  Exp(—U/kT),  (1) 

where  n  =  2,  and  U  -  activation  energy  of  SPD,  k  - 
Boltzmann  constant,  A  -  constant.  Estimation  of 
value  n  and  U  were  evaluated  using  standard 
techniques.  According  to  our  experiments  n  = 
2.235  and  U  =  1 .4  eV  in  the  first  stage  and  n  =  2.3 
and  U  =  0.98  eV  in  the  third  stage.  The 
experimental  values  n  coincide  with  rather  a  high 
accuracy  in  the  value  n  =  2  in  Eqn.  (1).  Using  these 
values  of  n  and  U  values  of  parameters 
eo~  5xl010  s"1  and  A  =  1.6xl06  K-mm2MPa~V 
were  calculated.  The  aforementioned  of  SPD 
activation  energy  value  of  U  —  1.4  eV  corresponds 
to  self-diffusion  energy  (1.4  -  1.5  eV)  inside  of 
grain  [5].  The  value  of  U=  0.98  eV  corresponds  to 
grain  boundary  self-diffusion  energy  Q:p  =  W+  Rgb 
=  0.99  eV,  where  W  =  0.8  eV  [5]  -  vacancy 
formation  energy  and  Rgb  =  0.19  eV  [6]  -  vacancy 
migration  energy  along  grain  boundaries  or 
dislocations  (pipe  diffusion).  The  obtained  different 
values  of  activation  energy  which  correspond  to  the 
first  and  third  stages  point  to  the  presence  of  plastic 
deformation  under  different  mechanisms  during 
these  stages.  Thus,  the  second  stage  is  a  transitory 
one  and  transforms  from  one  mechanism  to 
another. 

TEM  studies  were  carried  out  to  investigate 
structure  of  the  samples  subjected  to  tensile 
straining.  The  first  stage  shows  overall  continuous 
rearrangement  of  structure  with  domination  of 
hardening  processes  over  dynamic  recovery  ones, 
and  active  sliding  inside  grains.  As  a  result,  the 
grains  became  elongated  in  the  strain  direction. 
Elongation  of  grains  decreased  during  the 

deformation  in  the  third  stage.  As  a  result,  the 
grains  became  elongated  in  the  strain  direction. 
Elongation  of  grains  decreased  during  the 

deformation  in  the  third  stage.  By  the  end  of  the 
stage  grains  became  nearly  equiaxed.  Important 
circumstances  attract  attention  in  the  whole  stage: 
Absence  of  dislocations  in  many  grains  and  the 
presence  of  fine  AFLiMg  particles  in  them  and  in 
grain  boundaries.  The  important  fact  is  also  that 
Al2LiMg  particles  make  chains  in  grains  and 
situated  as  grain  boundary  profiles.  All  these 
points  to  continuous  and  overall  dynamic 
recrystallization  with  grain  boundary  sliding  and 


migration.  One  should  note  that  the  described 
herewith  in  agreement  with  aforesaid  activation 
energies. 

CONCLUSION:  The  structure  and  mechanical 
behaviour  of  the  ECA  pressed  1420  alloy  have 
been  studied  in  SP  conditions.  Three  stages  of 
SPD  have  been  shown.  The  data  showing  intra¬ 
grain  sliding  during  the  hardening  stage  and 
dynamic  recrystallization  with  participation  of 
grain  boundary  sliding  and  migration  during  the 
stage  of  the  decrease  of  true  stress  have  been 
obtained.  It  has  been  shown  the  elongation  up  to 
1878%  corresponds  to  alloy,  and  n  ~  2  and  m  ~ 
0.45  for  both  stages. 
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Erosion  resistance,  life  cycle  of  electrode 
materials  and  quality  of  coatings  to  a  large  extent 
depend  on  processes  in  discharge  plasma  and 
foots  of  a  discharge.  Previous  investigations 
reveal  complex  nature  of  processes  of  interaction 
discharge  plasma  with  surface  of  electrodes  or 
coatings  at  power  flux  density  up  to  10 10  W/m2 
[!]■ 

This  report  presents  results  of  mathematical 
simulation  of  spark  and  arc  discharge  parameters 
as  function  of  electrode  material.  The  model 
includes  flow  continuity  conditions  for  each 
component  of  electrode,  quasi-neutrality 
condition  for  plasma,  the  equation  of  state,  the 
equation  of  energy  conservation  for  electrons, 
equations  of  equilibrium  for  reactions  of 
dissociation-  molization  for  main  gas  components 
and  Saga  equations  for  all  plasma  components, 
equation  stated  the  constant  relationship  between 
nucleus  of  O  and  N  in  air  plasma.  Parameters  of  a 
plasma  (temperature,  electron  density, 
concentrations  of  all  particles,  etc.)  depend  on 
evaporation  rate  of  materials  and  later  depends  in 
its  turn  on  power  flux  into  electrodes.  Such 
system  is  described  by  self-consistent  sets  of 
equations  that  have  been  calculated  in  loops  until 
they  reach  self-consistent  values.  As  an  example, 
dependence  of  electron  density  in  discharge  axis 
on  power  and  pressure  is  shown  in  Fig.  1 . 


Fig.l.  Normalized  values  of  Ne  for  W-Cu 
electrode  with  5%  of  La  against  pressure  and 
power.  Ne  max  =  1 .3E1 8  cm-3,  Pmax=1.2E6  Pa. 


Calculations  show  that  changing  of  ambient 
conditions  -  pressure,  discharge  power  produce 
such  change  of  T  and  effective  ionization  potential 
that  minimize  changes  of  Ne.  In  the  practice  this 
means  that  increase  in  discharge  power  results  in 
appearance  of  new  higher  available  for  the  system 
levels  and  in  increasing  of  dissipation  of  energy. 
This  effect  slows  down  increase  in  T  and  Ne. 

Stationary  arc  discharge  in  argon  atmosphere 
also  was  a  subject  of  investigations.  Experimental 
setting  was  designed  to  measure  temperature  in  the 
anode  spot  of  a  direct  current  arc  on  materials 
having  wide  range  of  melting  points  (Fig.l). 
Radiation  of  material  was  compared  with  standard 
tungsten  lamp  with  high  resolution  spectrometer 
used  as  monochromator. 


Fig  2.  Dependence  of  temperature  in  anode  spot 
of  enthalpy  of  evaporation  anode  materials  in  argon 
direct  current  arc  at  20  A. 

As  indicates  Fig.2,  temperature  with  good 
precision  linearly  depends  on  enthalpy  of 
evaporation  of  anode  materials.  This  dependence 
was  described  by  mathematical  model  that  takes 
into  account  power  balance  in  anode. 

Experimental  data  on  evaporation  rates  of 
metals  from  anode  spot  area  allows  to  conclude  that 
this  process  is  described  by  the  same  lows  as  in 
vacuum  despite  it  occurs  at  atmospheric  pressure. 
This  effect  is  due  to  the  high  velocity  of  transfer  by 
field  of  ions  of  evaporated  atoms  from  the  electrode 
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surface.  Equation  for  evaporation  rate  (1/s  m  ) 
was  found  in  the  approach  of  theory  of  excited 
complex: 

dN/dt  =  N  kT/h(Q*/Q)exp(-E  VkT),  ( 1 ) 

where  N  -atom  density  in  the  surface  of  metals,  k 
-  Boltzmann  constant,  T  -  temperature,  h  -  Planck 
constant,  E*  -  activation  energy,  Q  -  statistical 
sum  of  atoms  in  intermediate  state.  It  depends  on 
symmetry  of  orbitals  and  it  was  found 
expressions  for  Q*  that  gave  best  fit  to  the 
experimental  results.  Q  is  statistical  sum  of  atoms 
in  solid  metals.  E*  is  energy  of  activation.  This 
value  depends  on  temperature  and  was  calculated 
for  metals  investigated  [2], 

Measurements  of  evaporation  rates  indicate 
that  dependence  observed  can  not  be  attributed  to 
the  energy  losses  due  to  evaporation  only  since 
they  do  not  exceed  several  percents  in  sum  losses. 
The  curve  in  Fig.2  is  result  of  summed  effect  of 
losses  on  evaporation,  radiation,  thermal 
conduction  and  first  of  all  inelastic  collisions  of 
electrons  in  thin  boundary  layer. 

Results  of  measurements  and  calculations 
with  use  of  formula  (1)  are  presented  in  a  table. 

Table  Evaporation  rates  from  the  anode  foot 
at  current  20  A. 


Materials 

Measured 
evaporation 
rate,  1/s  m2 

Calculated 
evaporation 
rate,  1/s  m2 

Ag 

1.0E25 

1.0E25 

Pd 

1.5E24 

1.6E24 

Sn 

2.2E24 

2.2E24 

Pt 

2.0E23 

2.3E23 

Ru 

4.0E22 

4.4E22 

Os 

1.0E22 

1.1E22 

TaC 

4.1E21 

4.5E21 

HfC 

8.0E21 

6.0E21 

2.  KypoHKiH  B./f.,  KpaBuemco  JI.II. 
KiHeTHKa  BunapoByBaura  peuoBtiHH  y 
njia3My  jxyrvi  nociiHHoro  CTpyMy.// 
ZfonoBifli  AH  YPCP.  -  1979.  -  cep.  A.  - 
Ns  12.  -  C.1051  -  1053. 


Model  proposed  takes  into  account  the  main 
features  of  processes  in  the  area  of  anode  foot  and 
gave  ability  to  calculate  evaporation  rates  of 
materials  with  good  precision. 
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Generally  thermal  and  electric  fields  in  aluminium 
electrolysers  can  be  described  Poisson  equation 

Atp  +6  =  0,  (1) 

where  A  -  Laplacian;  cp  -  potential;  b  -  volumetric 
loading. 

At  the  decision  of  a  task  by  definition  of  a 
temperature  field  under  variables  (1)  understand 

<P  =  /,  b=qJX, 

where  t  -  temperature;  qv  -  volumetric  density  of 
an  internal  source  of  heat;  X  -  thermal 
conductivity. 

Boundary  conditions  for  a  thermal  problem  can  be 
put  as: 

I  sort  -  f|n  =  t(x,y,z) ,  (2) 

II  sort  -X^-  =  q(x,y,z),  (3) 

dn  r2 

where  n  -  normal  to  a  surface  of  a  body;  q  - 
normal  density  of  a  thermal  stream, 

m  sort- =4|r-0  (4) 

where  a  -  heat  transfer  coefficient;  tc  -  ambient 
temperature,  IV  sort  (conjunction) 

r 4-  -  nr4+’ 

jl.»  -x.»  .  (5» 

dn  r4_  +  dn  r4+ 

where  ±  -  concerns  to  the  connected  environments. 

At  the  decision  of  a  problem  of  electric  potential 
as  variables  (1)  sizes  are  used 

<P  =  «,  b  =  0, 
where  u  -  electric  potential. 

Thus  boundary  conditions  of  type  are  considered 
(2),  (3),  (5): 


U  F2  =w (x,y,z). 

(6) 

du\ 

-X—  =i{x,y,z ), 
dnn 

(7) 

where  x  -  specific  electroconductivity;  i  -  normal 
density  of  an  electric  current; 


conditions  of  interface  of  various  environments 


u\ 

=  u\  , 

IT4- 

IT4+  * 

du 

du 

-  =X+ 

dn  r4_ 

dn  r4+ 

The  technique  of  the  numerical  decision  of  the 
formulated  task  is  constructed  on  a  direct  of 
boundary  elements  method  (DBEM)  [1],  that 
allows  to  lower  dimension  of  a  task  and  to  avoid  a 
problem  of  a  triangulation  of  an  internal  part  of 
area. 

To  the  basic  stages  of  realization  DBEM  concern: 

•  triangulation  of  boundary  surfaces 
r(.  0  =1,. ..4); 

•  calculation  of  influence  matrix 
(coefficients); 

•  formation  of  a  matrix  of  system  of  the 
linear  algebraic  equations  (SLAE)  under 
the  given  boundary  conditions  on 

T,  (/  =  !,... 4); 

•  elimination  singularity  SLAE  and  her 
solution; 

•  definition  a  component  of  density  of  a 
stream  on  borders  T,  (/  =  1, . . .  4) . 

The  original  technique  of  a  triangulation  is 
developed  T(. .  The  offered  technique  based  on 
display  of  an  any  flat  quadrangle  in  an  individual 
square  that  considerably  allows  to  facilitate  and 
automate  procedure  of  breakdown  of  any 
piecewise  flat  border.  Unit  of  a  triangulation  is  the 
any  flat  quadrangle  (side)  into  which  the  surface 
of  an  any  body  is  broken.  And  units  on  a  contour 

of  the  next  sides  T,  (/  =  !,...  3)  are  double,  that  is 
untied  and  may  not  correspond  at  all  each  other  on 
the  next  sides.  Performance  of  conformity 
between  units  is  imposed  only  on  units  on  all  area 

of  a  side  F4 .  As  boundary  elements  linear 
triangular  elements  are  chosen.  It  allows  to 
execute  analytical  integration  singularity  at 
calculation  of  coefficients  of  influence. 
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Nonsingularity  coefficients  of  influence  are 
calculated  numerically  with  the  help  Hammer’s 
quadrature  formulas  of  the  fifth  order  of  accuracy 
[1]. 

The  technology  of  compression  of  sides  is  applied 
to  exception  singularity  matrixes  SLAE  on  a 
contour  on  0,05-0,1  %  from  the  maximal  linear 
size.  This  procedure  is  carried  out  at  a  stage  of  a 
triangulation. 

It  is  offered  also  an  original  design  procedure  a 
component  of  a  vector  of  density  of  a  stream  on 

borders  T; . 

On  the  basis  of  original  techniques  and  classical 
BEM  [1]  the  universal  software  for  calculation  of 
fields  of  temperatures  and  electric  potential  in 
three-dimensional  bodies  of  the  complex  form  is 
developed.  In  a  basis  of  development  of  the  given 
software  principles  of  object-oriented 
programming  are  fixed.  The  given  software  is 
developed  in  the  programming  language  C++. 
Universality  of  software  is  reached  by  application 
of  special  files  -  tasks  which  creates  and  writes 
down  the  module  of  input  of  the  initial  data  for 
specific  tasks.  In  these  files  the  geometrical  data 
and  physical  properties  of  object  are  set.  With  the 
help  of  the  module  of  calculations  these  files  are 
analyzed  by  the  linguistic  analyzer.  Thus  is 
analysed  errors  of  the  file  -  task  and  at  their 
absence  it  is  settled  an  calculation. 

The  structure  of  the  submitted  software  includes  3 
modules: 

•  preprocessor  -  the  module  of  input  of  the 
initial  data  and  preliminary  viewing  of 
designs  on  the  entered  data; 

•  processor  -  the  module  of  the  solution  of 
Laplacian’s  and  Poisson’s  equations; 

•  the  postprocessor  -  for  visualization  of 
results  of  calculations.  It  is  used  standard 
software. 


Level  1  234  5678  910 

t, 'C:  161  176  190  204  219  233  247  262  276  290 

Figure  1 .  Field  of  temperatures  of  a  part  of  a 
cathode  casing  aluminium  electrolyser. 


Figure  2.  Field  of  electric  potential  of  a 
aluminium  electrolyser. 


Calculations  of  fields  of  temperatures  (Fig.  1)  and 
electric  potentials  (Fig.  2)  in  elements  of  a  design 
aluminium  electrolyser  are  executed. 
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The  paper  considers  the  influence  of  a  strain  rate 
sensitivity  factor  of  a  near-surface  layer  material 
on  homogeneity  of  deformation  and  power¬ 
consuming  of  the  process  under  dry  friction 
conditions.  Mathematical  modeling  performed 
shows  that  in  spite  of  high  values  of  friction 
constants  it  is  possible  in  principle  to  decrease  a 
scalar  parameter  of  damage  and  strain  loads  due  to 
high  strain  rate  sensitivity  of  a  near-surface  layer 
material. 

As  a  first  approximation  a  finite  element  model  of 
the  axially  symmetric  isothermal  compression  of 
the  workpiece  with  different  rheological  properties 
of  separate  layers  has  been  applied.  The  problem 
formulation  was  reflected  in  work  [1],  The 
rheological  ratio  for  the  near-surface  layer  and  the 
material  of  the  body  being  deformed  is  in  the  form: 
orAZrO+ef, 

where:  ar  flow  stress;  e,  and  -  deformation  and 
deformation  rate  intensities  respectively;  A,  m,  n  - 
rheological  parameters  of  the  near-surface  layer 
and  the  body  being  deformed.  The  scalar  parameter 
of  damage  (co)  accumulated  in  the  process  of 
plastic  metal  working  may  be  estimated  from  the 
known  ratio  [2J. 

The  technological  parameters,  influencing  contact 
surfaces  upon  interaction,  are  the  following: 
geometric  sizes  of  the  deformed  workpiece  (D0  and 
Ho-  initial  diameter  and  height)  and  rheological 
parameters  of  the  deformed  body  and  near-surface 
layer.  Calculations  were  performed  within  the 
range  of  the  strain  rate  sensitivity  of  stress  m\ 
varying  from  0,1  to  0,9.  The  following  workpieces 
were  considered:  a  low  workpiece  (Do/H0=10),  a 
high  workpiece  (Do/Ho  =0,5)  and  a  workpiece  with 
the  ratio  Do/Ho=2  (all  workpieces  are  similar  in 
height).  Thickness  of  the  near-surface  layer  is 
equal  to  0,1  of  the  initial  height  (h0=0,lHo).  The 
boundary  conditions  on  the  surface  of  contact  with 
the  tool:  vw=vT;  t^=os  Fz,  where  vw,  Vt  -  normal 
constituents  of  moving  speeds  of  the  tool  and  the 


object  being  deformed  on  the  contact  surface;  Fz  - 
Ziebel  friction  factor.  Its  range  is  from  0,1  to 
0,9  that  corresponds  to  conditions  of  diy  friction. 
While  solving  the  problem  of  numerical  modeling 
it  is  taken  that  values  of  the  other  parameters  do 
not  change  during  the  whole  technological  process 
Aj—A2=  120;  m2— 0,1;  M/=w2=0.  Moreover, 
characteristics  of  plasticity  (relative  reduction)  of 
materials  of  the  near  surface  layer  (vj/|)  and  the 
base  (vj/j),  ij/i=\|/2=0,5  are  set.  (While  solving  the 
task  of  mathematical  modeling  values  of 
rheological  parameters  of  a  deforming  body 
corresponding  to  the  aluminum  alloy 
AI4.4Cul.5Mg  at  the  temperature  450°C  and  the 
strain  rate  5=2.10V  [3]  were  taken.).  The 
following  constant  technological  parameters  were 
established:  velocity  of  deformation 

vt=0,l  mm/sec;  strain  value  £  =  0,5. 

The  following  parameters  of  the  stress-strain  state 
obtained  by  mathematical  modeling  were 
analyzed:  maximum  normal  stresses  (amax)  on  the 
contact  surface  and  the  scalar  parameter  of  damage 
of  the  deforming  material  and  the  near-surface 
layer  (co2max;  (0|max). 

As  seen  from  Fig.  1  the  increase  in  the  strain  rate 
sensitivity  of  stress  m\  of  the  near  surface  layer 
leads  to  the  decrease  in  strain  loads.  This  tendency 
is  apt  to  all  the  size  ratios  under  consideration. 
However,  in  case  of  the  high  workpiece  the 
decrease  in  the  strain  load  is  not  so  significant: 
when  W|=0,1  the  maximum  normal  stress  is 
165  MPa,  then,  when  m,=0,5  omax  -  102  MPa  and 
further  increase  in  mx  does  not  exert  a  significant 
effect  on  strain  load.  In  case  of  the  workpiece  with 
Do/H0=2  varying  w,  from  0,1  to  0,9  decreases  the 
maximum  normal  stress  by  twice.  The  most 
significant  decrease  (approximately  by  a  factor  of 
3)  occurs  in  case  of  the  low  workpiece:  when  m\  is 
equal  to  0,1  omax  is  1360  MPa  and  when 
w,=0,9  CTmax  -  505  MPa. 
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Omax 


Fig.  1 .  Dependence  of  maximum  normal  stress  on 
strain  rate  sensitivity  of  stress  mx  of  the  near 
surface  layer. 


Fig.2.  shows  the  influence  of  strain  rate  sensitivity 
of  stress  of  the  near  surface  layer  on  values  of  the 
scalar  parameter  of  damage  of  the  base  material. 
Fig.  2.  Dependence  of  the  scalar  parameter  of 
damage  on  the  strain  rate  sensitivity  of  stress  mx. 

The  most  noticeable  decrease  '  in  the  scalar 


parameter  of  damage  is  observed-  in  case  of  the 
high  workpiece:  as  mx  increases  from  0,1  up  to 
0,9  co  decreases  by  twice. 


In  case  of  the  workpiece  with  the  ratio  Do/Ho=2  the 
increase  in  mx  from  0,1  up  to  0,5  causes  a  drop  of 
co  by  approximately  80  %;  further  increase  in  mx 
does  not  influence  the  scalar  parameter  of  damage 
of  the  base  material. 

In  case  of  the  low  workpiece  the  lowest  values  of 
the  scalar  parameter  of  damage  have  been 
obtained.  These  values,  of  coarse,  increase  with 


increasing  the  strain  rate  sensitivity  of  stress, 
though  in  all  cases  their  values  do  not  exceed  0.3. 

On  the  basis  of  results  of  mathematical  modeling 
of  the  process  of  axially  symmetric  compression  of 
the  workpiece  with  the  ratio  Do/H0  ranging  from 
10  to  1  under  conditions  of  dry  friction  Fz= 0,9  the 
considerable  influence  of  the  strain  rate  sensitivity 
of  stress  (mx)  of  the  near-surface  layer  material  on 
maximum  normal  stresses  on  the  contact  surface 
(^htiax)-  as  mx  achieves  values  0,4  -  0,6  the 
maximum  values  of  crmax  decrease  by  1,5-2  times 
as  compared  to  the  values  when  mx  =0,1.  In  terms 
of  increasing  the  quality  of  articles  (the  decrease  in 
the  scalar  parameter  of  damage)  the  near-surface 
layer  having  the  strain  rate  sensitivity  of  stress  mx 
of  about  0,4-0,6  is  most  efficient  under  conditions 
of  dry  friction. 
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The  high  performance  at  a  perforation  oil  and  gas 
wells  is  ensured  with  applying  cumulative  charges 
facings.  The  shape  of  a  facing  is  a  thin-wall  cone. 
The  facings  make  from  composition 
heterogeneous  powdered  materials  by  a  method  of 
a  pressing.  The  density  of  parts  should  be 
uniform. 

Computer  simulation  and  the  experimental  studies 
were  carried  out.  The  study  of  distribution  of  the 
density  fields  -  was  in  the  focuss  of  interest. 

The  powder  of  electrolytic  copper  was  used  for 
experiments.  The  shape  of  powders  was  dendritic. 
This  powder  is  a  ground  of  a  material  for  facings. 

The  experimental  study  method  was  proposed. 

The  xeroradiography  method  was  used  [1], 

The  special  mold  tool  was  designed  and 
manufactured  (Fig.  1 ). 


carried  out  step  by  step.  At  each  stage  the  position 
of  lead  shots  was  determined  by  a  radiographic 
method. 

Constructions  of  an  integral  lower  punch,  and  also 
demountable  lower  punch  were  studied. 

The  simulation  was  carried  out  by  use  of  the  finite 
element  method  [2],  The  system  GID 
(http://gid.cimne.upc.es)  was  applied  (pre-  and 
post-  processor).  The  familiarization  (one  month 
password)  version  of  a  system  was  used. 

In  case  of  an  one-sided  pressing  with  an  integral 
lower  punch  has  appeared,  that  the  maximal 
vertical  displacement  of  lead  shots  is  observed  near 
to  the  upper  punch.  These  displacements  are 
minimum  near  to  the  lower  punch. 

The  horizontal  displacement  of  lead  shots  is 
observed  in  the  field  of  broad  angles  of  an  part. 

The  horizontal  displacement  of  a  powder  above 
and  below  has  an  opposite  direction. 

The  experimental  data  and  the  results  of  computer 
simulation  (3)  are  closed  each  other. 

In  case  of  an  one-sided  pressing  the  field  of  a 
density  is  very  nonuniform  (Fig.2)  [4]. 


Fig.  1 .  Experimental  plant 

The  copper  powder  was  covered  together  with 
interlayers  from  lead  shots.  The  pressing  was 
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In  case  of  use  of  demountable  punches  the  bulk  of 
an  part  is  divided  on  a  series  of  areas.  The 
compacting  of  each  area  is  carried  out  separately. 
The  density  distribution  is  uniform. 

The  influencing  of  a  direction  of  friction  forces 
was  studied  also.  The  direction  of  friction  forces 
influences  a  field  of  a  density. 

If  the  friction  forces  are  directional  to  broad 
angles,  the  variance  of  a  density  increases.  The 
density  in  the  field  of  broad  angles  increases,  and 
the  density  in  the  field  of  acute  angles  is 
diminished. 

If  the  friction  forces  are  directional  to  acute 
angles,  the  variance  of  a  density  is  diminished. 
The  density  in  the  field  of  acute  angles  is 
diminished,  and  the  density  in  the  field  of  broad 
angles  increases. 

The  carried  out  studies  have  enabled  to  define  the 
optimum  scheme  of  a  pressing  of  powdered 
facings. 

The  demountable  lower  punch  is  applied.  The 
compacting  of  each  area  is  carried  out  separately. 
The  active  friction  forces  are  applied.  The  friction 
forces  are  directional  to  acute  angles.  The  density 
of  facings  is  uniform. 
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The  computer  simulation  is  used  here  to  improve 
existing  metods  of  manufacturing  the  PM  -  parts. 
The  study  of  distribution  of  the  density  fields  -  is 
in  the  focuss  of  interest.  The  effect  of  the  pressing 
diagrams  on  finite  properties  of  parts  is  studied. 

The  experimental  information  concerning  the  final 
distribution  of  a  density  and  all  geometrical 
parameters  of  part  are  taken  from  work  [1],  The 
first  of  all  the  simplest  diagram  is  considered:  two 
lower  punches  are  immobile.  Then  the  diagram 
for  which  rates  of  punches  are  proportional  to 
current  heights  will  be  analyzed.  Finally,  the 
pressing  diagram  suggested  in  [1,  2]  will  be 
considered.  In  the  last  case  the  process  of  pressing 
consists  of  three  stages. 

1. Methods  of  simulation 

The  simulation  is  carried  out  by  use  of  the  finite 
element  method.  The  modified  relationships  of 
plasticity  theory  for  porous  body  are  used.  It  has 
been  considered  rigid  -  plastic  behaviour  of 
material. 

The  similar  ideas  were  used  in  [3,4],  The  boundary 
value  problem  reformulated  in  a  finite  element 
form  has  been  solved  using  the  step  by  step 
computation.  For  each  step  of  loading  (or 
straining)  the  system  of  non-linear  algebraic 
equation  has  been  solved  by  use  of  Newton  - 
Rafson  procedure.  Iterations  were  finished  if  the 
convergence  criterion  was  satisfied.  On  the  base  of 
obtained  rate  field  the  density  field  as  well  as  the 
stress  components  has  been  defined.  Than  the 
same  procedure  has  been  carried  out  for  the  next 
step  of  loading.  The  rate  of  convergence  was 
controlled  by  the  choice  of  initial  estimate.  For  this 
purpose  the  extrapolation  on  the  base  of  previous 
rate  field  (obtained  for  previous  moments)  has 
been  used.  Besides  we  have  used  solution  obtained 
on  the  base  of  linearization  as  a  first  estimate. 

All  punches,  core  —  pine  and  sleeve  are  supposed 
to  be  rigid.  At  the  surface  of  these  elements  the 
external  friction  is  taking  place. 

To  prevent  the  complications  due  to  the  strong 
deviation  of  the  mesh  of  elements  (because  of 


deflection)  special  procedure  has  been  used.  The 
given  mesh  of  finite  elements  is  mapped  at  the 
final  configuration  of  part.  Then  it  was  mapped 
onto  initial  configuration. 

The  creation  of  initial  geometric  model, 
generation  of  finite  elements  mesh,  formulation  of 
material  properties,  formulation  of  boundary 
condition  and  visualization  of  final  results  are 
carried  out  on  the  base  of  package  GiD:  pre-  and 
post-  processing  system  for  F.E.M.  calculations  ( 
International  Center  For  Numerical  Methods  In 
Engineering  CIMNE). 

Academic  and  professional  (one  month  password) 
versions  of  system  have  been  used. 

2.  Obtained  results 

One-side  pressing.  The  given  diagram  is  the 
simplest  one,  but  can  be  practically  used  only 
when  the  ratio  of  height  /diameter  is  very  small.  In 
our  case  the  density  variation  is  very  significant. 
The  shear  strain  rate  achieves  the  largest  value  in 
the  neighborhood  of  internal  angle.  It  should  be 
emphasized  that  the  contours  of  equal  shear  strain 
rates  remind  to  the  paths  of  the  overconsolidated 
cracks  propagation  are  known  from  practice  [2], 

Diagram  for  which  rates  of  punches  are 
proportional  to  current  heights.  One  should  note 
that  in  condition  of  the  absence  of  external  friction 
the  given  diagram  unlike  to  one  —  side  pressing 
provides  the  uniform  density  distribution  [5].  The 
presence  of  external  friction  results  in  irregular 
distribution  of  a  density.  Controlling  a  direction  of 
external  friction,  it  is  possible  to  reduce  the  noted 
effect,  however  nonuniformity  of  a  density 
remains. 

Modified  pressing  diagram.  Unlike  to  both 
previous  diagrams  in  the  case  considered  in  paper 
[1]  rates  of  punches  is  variable  for  period  of 
compaction. 

Pressing  diagram  now  consists  of  three  parts.  At 
the  first  stage  the  rate  of  the  second  punch  -  V2  is 
less  then  V] .  At  the  second  stage  the  second 
punch  passes  ahead  the  first  one  and  at  the  third 
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stage  V2  =  0 .  The  initial  properties  is  not 
uniformly  distributed.  The  densities  of  the  upper 
and  lower  parts  are  correspondetly  3.5  g/sm3  and 
3.4  g/sm3. 

This  stipulates  the  same  level  of  shear  strain  rates 
that  in  previous  case  and  provides  the  most 
uniform  density  field. 

The  results  of  computer  simulation  and 
experimental  data  [1,2]  are  closed  each  other. 
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INTRODUCTION 

High  chemical  activity  of  hydrogen  and  its 
capability  to  form  volatile  compounds  are  the 
basis  of  purification  of  substances  and  materials 
from  contaminants  during  the  thermal  treatment 
in  hydrogen  atmosphere  [1],  The  aluminum 
nitride  powder,  which  is  under  study  of  this  work, 
contains  in  wt%:  Al  -  63.50;  N  -  31.90;  O  -  1.87; 
Fe  -  0.70;  C  -  0.30;  S  -  0.26;  Ti  -  0.12;  and  Si  - 
0.08.  As  a  potential  method  of  aluminum  nitride 
purification  from  contaminants  can  be  its  thermal 
treatment  in  hydrogen  atmosphere  at  elevated 
temperatures  and  pressures. 

The  first  stage  in  the  development  of  technology 
of  aluminum  nitride  purification  from 
contaminants  is  its  thermodynamic  simulation. 
The  gas-thermal  treatment  simulation  of 
aluminum  nitride  in  hydrogen  atmosphere  was 
accomplished  with  the  use  of  Astra  Program  [2] 
within  the  temperature  range  of  1000  to  1500  K 
with  the  100  K  gain,  and  pressure  of  0.2  MPa. 
The  computation  results  only  included 
components  with  a  concentration  over  10'7 
mol/kg. 

RESULTS  OF  THERMODYNAMIC 
SIMULATION 

Equilibrium  concentrations  of  vapor-gas 
components  and  condensed  components  for  each 
temperature  within  said  temperature  range  are 
shown  in  Tables  1  and  2.  The  computation  at 
1200  K  revealed  the  presence  of  Si3N4  in 
condensed  products  while  silicon  nitride  was  not 
observed  both  at  1 100  K  and  1300  K.  Therefore, 
computations  were  made  at  1150  K  and  1250  K, 
which  allowed  to  establish  the  temperature  range 
of  silicon  nitride  existence. 

Table  1  gives  the  temperature  relation  of  the  main 
gas-vapor  component  concentrations.  As  can  be 
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concluded  from  the  data  of  Table  1,  the  outflow 
of  carbon  into  the  gas  phase  is  preferentially 
caused  by  the  formation  of  methane  and 
molecules  of  CO  and  HCN;  of  sulfur  due  to 
formation  of  hydrogen  sulfide  and  molecules  of 
SiS;  of  oxygen  due  to  molecules  of  water  and  CO; 
of  silicon  due  to  molecules  of  SiS  and  SiO. 
Besides,  an  insignificant  transition  of  atoms  of 
nitrogen  (N2,  NH3),  aluminum  and  iron  to  the  gas 
phase  can  be  observed. 

Table  2  gives  the  temperature  relation  of 
condensed  component  concentrations  expressed 
in  mol/kg.  As  can  be  seen  from  the  data  of  Table 
2,  at  1000  K,  AIN,  AI2O3,  TiC,  TiN,  SiS,  and  Fe 
coexist  in  equilibrium.  With  the  temperature  rise, 
the  TiN  concentration  drops  while  the  TiC 
concentration  growths.  At  1200  K,  TiN 
disappears  and  the  TiC  concentration  reaches 
0.019  mol/kg  and  then  does  not  change  with 
temperature.  Iron  in  free  state  is  present  up  to 
1400  K,  and  at  an  above  temperature,  products 
contain  Fe3C.  Silicon  at  low  temperatures  is 
bound  in  SiS  compound,  the  concentration  of 
which  reduces  with  temperature,  on  the  other 
hand,  within  the  1 150-1250  K  range,  it  is 
accompanied  by  Si3N4,  concentration  of  which  is 
lower  than  of  SiS.  Above  1250  K,  no  compounds 
of  silicon  in  the  condensed  phase  can  be 
observed.  The  main  condensed  components  of  the 
system  under  study  are  AIN,  concentrations  of 
which  negligibly  rise  at  1500  K,  and  A1203, 
concentrations  of  which  decrease  at  1500  K.  All 
the  above  condensed  substances  are  minor 
contaminants. 

As  can  be  concluded  from  the  results  of 
thermodynamic  simulation  of  hydrogen-thermal 
treatment  of  aluminum  nitride  under  study,  such 
contaminants  as  sulfur,  silicon,  and  to  some 
extent,  carbon  and  oxygen  can  be  removed  from 
an  initial  substance  in  the  form  of  gases  or  vapors. 
Removal  of  these  contaminants  is  of  great 
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significance  as  they  considerably  deteriorate 
properties  of  finite  products  when  being  present 
during  further  treatment  of  aluminum  nitride 
(sintering).  Concentration  variations  of  condensed 
phases  containing  iron  and  titanium  during  the 
gas-thermal  treatment  (formation  of  TiC  and 


Fe3C;  disappearance  of  TiN)  result  in  no  removal 
of  iron  or  titanium  contaminants.  However, 
compounds  of  these  contaminants  as  being 
refractory  ones  produce  negligible  effect  on  the 
product  properties  made  of  aluminum  nitride. 


Table  1 


Concentrations  of  vapor  components,  mol/kg 
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Table  2 


Concentrations  of  condensed  components,  mol/kg 
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CONCLUSIONS 

The  hydrogen-thermal  treatment  of  AIN 
containing  O,  C,  S,  Si,  Fe  and  Ti  at  the  hydrogen 
pressure  of  0.2  MPa  within  the  temperature  range 
of  1000  to  1500  K  should  result  in  the  purification 
of  nitride  from  S,  Si,  and  partially,  from  C  and  O. 
The  aluminum  nitride  purification  from  above 
contaminants  shall  contribute  an  amelioration  of 
sinterability  of  treated  aluminum  nitride  powders 
and  improvement  of  properties  of  sintered 
specimens. 
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BRAZING  OF  JOINTS  OPERATING  UNDER  EXTREME  CONDITIONS 
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It  is  a  known  fact  that  brazed  joints  successfully 
operate  in  many  heavy-loaded  structures,  e.g. 
elements  of  space  vehicles  and  rockets  (shells, 
rocket  rudders),  gas  turbine  engines,  cathodes  of 
high-power  plasmatrons,  etc.  Also,  the  brazed 
joints  play  an  important  role  in  fusion  reactor 
plants. 

In  development  of  a  fusion  reactor  (FR)  the  special 
consideration  is  given  to  power-intensive  elements 
of  discharge  chambers  of  FR,  such  as  divertors, 
limiters  and  internal  walls.  These  structural 
elements  are  located  in  an  immediate  proximity  to 
plasma  and  subjected  to  the  simultaneous  effect  by 
thermal  and  corpuscular  flows,  as  well  as  by 
neutron  radiation.  Alloys  on  the  base  of  graphite, 
tungsten,  copper,  molybdenum  and  niobium  were 
selected  as  candidate  materials  for  fabrication  of 
the  above  structures  [1],  The  issue  of  a  paramount 
importance  for  fabrication  of  a  serviceable 
structure  is  to  ensure  a  reliable  joint  between  the 
above  dissimilar  materials. 


Imbedded  elements  in  the  form  of  semi-rings  and 
strip  0.3  mm  thick  were  made  from  the  wire.  The 
butt  brazed  joints  passed  the  strength  tests  at  room 
temperature  in  the  as-brazed  state,  after  heat 
treatment  conducted  to  restore  strength  properties 
of  the  copper  alloy  and  after  neutron  irradiation  at 
different  temperatures.  Performance  of  the  units 
under  conditions  of  thermal-cycling  loading  was 
determined  [2], 

As  proved  by  the  tests  conducted,  strength  of  the 
brazed  joints  greatly  depends  upon  the  neutron 
irradiation  conditions,  and  first  of  all  upon  the 
temperature.  So,  irradiation  at  a  temperature  of 
100-200  °C  and  dose  of  5xl021  neutron/cm2  leads 
to  a  substantial  increase  in  strength,  which  is 
associated  with  low-temperature  radiation 
strengthening  of  the  copper  alloy.  Further  increase 
in  the  exposure  temperature  does  not  lead  to 
strengthening  of  the  copper  alloy  (Fig.).  Fracture 
of  the  brazed  samples  occurred  in  base  metal. 


Physically,  the  receiving  divertor  device  for  a 
period  of  the  technology  phase  is  a  joint  of  the 
tungsten-copper  type.  Difficulties  with  joining  the 
above  materials  are  caused  by  a  large  difference  in 
their  thermal  expansion  coefficients  and  low 
oxidation  resistance  of  the  refractory  metal. 
Therefore,  a  proper  selection  of  brazing  filler 
metal,  temperature  range  and  shielding  atmosphere 
is  very  important  for  brazing.  The  brazing  filler 
metal  should  wet  well  the  materials  brazed,  be 
sufficiently  strong  and,  at  the  same  time,  ductile  to 
be  able  to  deform  to  relax  stresses  during  brazing 
and  cooling  to  room  temperature.  The  brazing 
temperature  should  not  be  too  high,  as  in  this  case 
it  may  cause  growth  of  residual  stresses. 


The  authors  elaborated  the  technology  for 
producing  dissimilar  brazed  joints  in  tungsten- 
copper,  using  a  brazing  filler  meal  based  on  the 
cooper-manganese  system,  developed  by  the 
E.O.Paton  Electric  Welding  Institute. 

Brazing  of  the  joints  was  performed  in  a  vacuum 
furnace  with  radiation  heating  by  evacuating  the 
work  space  to  10'3  Pa.  The  brazing  filler  metal 
used  was  in  the  form  of  wire  1  mm  in  diameter. 


Fig.  Strength  of  tungsten-copper  brazed  joints  after 
neutron  irradiation: 

1  -  as-brazed; 

2-100  °C,  dose  5xl021  neutron/cm2,  reactor 
SM-2; 

3  -  310  °C,  dose  5xl021  neutron/cm2; 

4  -  400  °C,  dose  5x1 021  neutron/cm2,  reactor 
BOR-60 
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The  brazed  joint  has  a  homogeneous  structure  of 
copper-based  solid  solution  with  a  small  amount  of 
silicides  detected  along  its  boundaries. 

X-ray  microanalysis  of  the  brazed  joints  shows  an 
intensive  diffusion  of  manganese  into  the  base 
metal  (width  of  the  brazed  joint  is  about  30  pm  and 
depth  of  diffusion  of  manganese  is  more  than 
45  pm). 

Performance  of  brazed  models  of  the  copper- 
tungsten  diverter  plates  was  evaluated  by  thermal 
cycling  tests.  Powerful  pulsating  heat  flows  result 
in  a  temperature  and  stress-strain  state  of  structural 
members,  which  is  close  to  that  observed  under 
actual  conditions.  Power  of  the  heat  flow  and 
duration  of  its  effect  were  selected  so  that 
maximum  temperatures  on  the  surface  and  in  the 
zone  of  joining  to  the  substrate  corresponded  to 
temperatures  of  the  structure  in  constant  heating  by 
the  heat  flow  with  a  power  of  0  =  10  MW/m".  It 
was  established  that  the  brazed  joints  retained  their 
thermal  cycling  strength  on  a  base  of  2xl03  cycles. 
No  losses  of  thermal  contact  or  separations  were 
detected. 


Analysis  of  the  results  obtained  allows  a 
conclusion  that  for  brazing  of  joints  of  the 
tungsten-copper  (copper  alloys)  type  a  decisive 
characteristic  in  selection  of  a  brazing  filler  metal 
is  its  ductility  (impact  toughness,  elongation), 
rather  than  tensile  strength. 

Therefore,  the  developed  brazing  filler  metal 
possesses  the  required  combination  of  the  above 
properties,  which  makes  it  possible  to  produce 
joints  which  retain  performance  under  the  effect  of 
powerful  cyclic  heat  flows  and  neutron  radiation  at 
increased  temperatures. 
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COMPETITION  OF  THE  HYDROGENATION  AND  HYDROGENOLYSIS 
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The  interaction  of  the  intermetallic 
compounds  with  hydrogen  may  go  not 
according  to  direct  but  destructive 
hydrogenation  (  hydrogenolysis  )  accompanied 
by  the  decomposition  of  the  initial 
intermetallid.  That  is  why  the  destructive 
hydrogenation  may  be  one  of  the  method  for  the 
obtaining  of  the  high  dispersive  composite 
metallic  powders. 

The  objective  of  the  present  work  is  the 
thermodynamical  analysis  of  the  direct  and 
destructive  hydrogenation  of  the  intermetallic 
compounds  and  the  delimitation  of  the 
hydrogenation  and  hydrogenolysis  fields.  The 
objects  of  the  investigation  were  the 
intermetallic  compounds  of  AB5  -  type 
( LaNi5,  LaNi5.xAlx )  and  AB  -  type  ( TiNi,TiFe, 
TiFe,.xMex ). 

The  calculation  of  the  free  Gibbs 
energies  for  the  reactions  of  the  successive 
hydrogenation  of  LaNi5,  LaNi4Al,  TiNi,  TiFe 
up  to  the  different  absorption  levels  and  for 
their  hydrogenolysis  reactions  at  298,  473  and 
773  K  have  been  fulflld.  The  border  hydride  is 
shown  to  exist  for  each  temperature  and  its 
formation  is  equiprobably  to  the  hydrogenolysis 
reaction.  The  formation  of  the  border  hydride 
takes  place  at  the  border  temperature  and 
hydrogen  pressure.  The  hydrogenation  field  is 
higher  and  the  hydrogenolysis  fild  is  lower  than 
the  border  hydrogen  capasity. 

The  dependences  of  the  relative  border 
hydrogen  capasity  of  LaNis,  LaNi4Al,  TiFe, 
TiNi  upon  the  temperature  are  presented  on 
fig.l.  LaNi5  is  shown  to  be  the  most  stable  and 
TiFe  is  the  least  stable  against  the 
hydrogenolysis.  TiNi  is  some  stabler  than 
LaNLjAl.  Thus  the  investigated  intermetallic 
compounds  according  to  the  increasing  stability 
against  the  hydrogenolysis  may  be  placed  as 
LaNi5,  TiNi,  LaNi4Al,  TiFe. 


T,K 

Fig.  1 .  Relative  border  hydrogen  capasity  of  the 
hydrides  on  the  base  of  LaNi5(  1  ),  LaNi4Al  ( 2), 
TiFe  (  3  ),  TiNi  ( 4  )  vs  temperature. 

The  dependences  of  the  border  equilibrium 
pressure  upon  the  temperature  for  the  border 
hydi  ide  composition  determine  the  work 
conditions  of  the  material  in  the  hydrogenation 
or  hydrogenolysis  fields.  The  presented  on  fig.2 
curvers  deliminate  the  hydrogenation  and 
hydrogenolysis  fields  of  LaNi5  and  LaNi4Al 
according  to  the  equilibrium  pressure  in  the 
specifie  temperature  conditions  of  their 
exploitation.  Thus  when  LaNi5  works  as  the 
hydrogen  accumulator  the  increase  of  the 
temperature  up  to  393K  leads  to  the  neccessity 
of  the  preassure  increase  higer  than  4,5  MPa  to 
avoid  the  problems  with  the  hydrogenolysis. 
This  problem  is  still  more  critical  for  TiFe  - 
hydrogen  accumulator  as  even  at  293  K  it  must 
be  hydrogenated  at  the  pressure  not  lower  than 
5  MPa  and  the  long  thermal  processing  are 
extremely  undesirable.  And  under  the 
destructive  hydrogenation  intermetallic 
compound  must  work  at  the  pressure  lower  than 
the  border  equilibrium  one  that  is  in  the  fields 
occupied  lower  than  the  presented  curvers. 
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Fig.  2.  Equilibrium  pressure  vs  temperature 
for  the  border  hydrides  on  the  base  of  LaNi5 
( 1),  LaNi4Al  (  2  ). 

From  the  practical  point  of  view  it  is 
important  to  control  the  border  between  the 
hydrogenation  and  hydrogenolysis  fields. 
Obviously  the  dose  doping  of  the  intermetallic 
compounds  may  be  one  of  the  version  of  the 
such  control.  The  dependences  of  the  relative 
border  hydrogen  capasity  upon  the  aluminium 
content  in  the  alloys  LaNi5.xAlx  for  298, 
473  and  773K  are  showed  on  fig.3.  With  the 
increase  of  the  aluminium  content  in  the 
intermetallic  compound  the  hydrogenation  - 
hydrogenolysis  border  moves  to  the 
hydrogenation  that  is  the  LaNis_xAIx  stability 
against  the  hydrogenolysis  decreases. 


Thus  the  thermodynamical  analysis  of  the 
direct  and  destructive  hydrogenation 
(hydrogenolysis  )  of  the  intermetallic  compounds 
LaNi5,  LaNi5.xAlx,  TiFe,  TiFe,.xMex  (  Me  - 
Al,  Mn,  Co,  Ni )  and  TiNi  has  been  fulfilled.  The 
fields  of  these  processes  realization  are 
established  to  be  divided  by  the  hydrogenation  - 
hydrogenolysis  border  which  are  determined  by 
the  border  hydrogen  capacity  depending  upon  the 
temperature  and  thermodynamical  characteristics 
of  the  intermetalid  (  metal  )  -  hydrogen  system. 
The  control  of  the  border  between  the 
hydrogenation  and  hydrogenolysis  fields  is 
possible  by  means  of  the  intermetallid  doping 
with  the  elements  influencing  on  the 
thermodynamical  characteristics  of  the  hydriding 
system.  During  the  exploitation  of  the 
intermetallic  compounds  as  the  hydrogen  sorbents 
and  to  avoid  the  destructive  hydrogenation  it  is 
necessary  to  work  at  the  pressure  higher  than  the 
border  equilibrium  one  for  given  temperature. 


x  in  LaNi5-xAlx 


Fig.  3.  Relative  border  hydrogen  capasity  vs 
aluminium  content  in  LaNis.xAlx  and 
temperature.  1  -  773  K,  2  -  473  K,  3  -  298  K. 

Investigation  of  the  doping  additions 
influence  on  the  TiFei.x  (  Me  -  Al,  Mn,  Co,  Ni  ) 
stability  against  the  hydrogenolysis  showed  that 
aluminium  additions  to  TiFe  decreas  its 
stability  against  the  hydrogenolysis  and 
manganese,  cobalt,  nikel  increase  it. 
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Ceramic  and  composite  materials  are  now 
known  to  have  a  number  of  unique  worthy 
pecularities  (from  technological  to  electronic  ones) 
[1,  2].  In  the  former  our  papers  [3,  4]  it  was  shown 
that  composites  of  the  types:  semiconductor  — 
dielectric  and  semiconductor  -  metal  in  thick  films 
preserve  many  worthy  properties  of  the  compact 
semiconductor  (for  example,  high  thermoelectric 
and  resistive  sensibilities).  In  addition,  they  gain 
some  advantages  (simple  technology,  small  size, 
cheapness). 

At  the  same  time  such  systems  yield  to 
common  semiconductors  in  the  thermoelectric 
figure  of  merit  and  stability.  There  are  many 
external  factors  and  internal  papameters  leading,  on 
the  one  hand,  to  new  possibilities  of  controling 
functional  characteristics  and, on  the  other  hand,  to 
the  apearance  of  worse  reproductivity  and 
reliability.  To  optimize  the  characteristics 
investigations  of  the  mechanisms  of  composite 
properties  formation  were  carried  out  [4,  5,  6],  In 
particular,  the  contribution  of  separate  component 
properties  to  the  composite  properties  was  shown. 

It  was  also  shown  that  cjmposite  and  ceramic 
materials  are  usually  composed  of  components 
which,  in  their  turn,  are  composites  as  well  (at  least 
of  two  levels-  micro-  and  macroscales)  [6,  7].  The 
analysis  of  the  properties  of  such  components 
showed  that  they  often  have  a  higher  thermoelectric 
figure  of  merit  and  efficiency  than  those  of  the 
whole  composite.  The  task  is  to  find  a  method  for 
fixing  the  properties  of  the  most  effective 
composite  level  and  controlling  them  in  a  vide 
temperature  region  up  to  the  temperatures  of  using 
refractory  ceramic  materials. 

The  experimental  investigation  of 
concentration  and  temperature  dependences  of  the 
thermoelectric  properties  of  ceramics  and 
semiconductor  -  metal  composites  (for  example, 
Sio,7  Geo,3  -  Mn4B)  has  been  carried  out.  The 
method  for  analysis  and  calculation  of  internal 
electron-transfer  parameters  in  the  systems 
investigated  has  been  worked  out  on  the  base  of 
taking  into  account  of  different  levels  of  parameter 


formation  (macro-,  micro-,  nano-  and  electron 
scales). 

The  results  obtained  are  shown  in  Table. 


Table-  Resistivity  and  thermoelectric 
coefficient  for  the  composite  Sio^Geo  j  -  Mn4B  and 
its  components  (Pik,otik)  in  two-levels 


Compo¬ 

site 

T, 

K/X 

500/ 

0.1 

800/ 

0.1 

500/ 

0.4 

800/ 

0.4 

P, 

Om-cm 

0.47 

0.35 

0.10 

0.04 

a, 

pV/K 

72 

42 

40 

12 

Phase 

“A” 

Si-Ge 

Pla> 

Om-cm 

0.90 

0.68 

0.48 

0.29 

POab 

Om-cm 

1.25 

0.96 

1.25 

0.96 

P()a2? 

Om-cm 

0.09 

0.04 

0.09 

0.04 

ttla» 

pV/K 

210 

235 

130 

150 

pV/K 

240 

250 

240 

250 

Ct0a25 

pV/K 

40 

70 

40 

70 

Phase 

“B” 

Mn4B 

Plb, 

Om-cm 

0.06 

0.10 

0.003 

0.006 

Pobl? 

Om-cm 

0.32 

0.56 

0.32 

0.56 

P0b2, 

Om-cm 

3.2-1 0'5 

10'4 

3.2-1 0’5 

10"4 

a]b, 

pV/K 

30 

15 

10 

6.0 

<*0bb 

pV/K 

81 

52 

81 

52 

0t0b2, 

pV/K 

2.0 

0.0 

2.0 

0.0 
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For  these  data  a  model  for  the  interrelation  of 
the  composite  compositions  at  different  levels  was 
worked  out.  In  the  simplest  case  an  exponential 
dependence  of  compositions  is  supposed: 

Xj  =  A  +  B*Xj+i  +  C*(Xi+i)2  +•••  0) 

Here  Xi+1  and  X;  -  the  content  of  the  second  phase 
of  higher  and  lower  levels  correspondingly. 

Besides,  the  ideal  interdependence  of 
properties  for  the  lowest  level  of  composites  was 
supposed  [7]: 

(Vi=1)n(i=0)  =  I  Xj=0(k)*[  Vj=o(k)]n(i=0); 
I<n(i=0)<+1; 

Here  k  -  the  component  index;  i  -  the  index  of  the 
corresponding  composite  level. 

Such  an  interaction  leads  to  the  following  s 
. — stem  of  transcendental  equation: 

Vi,k(k)*[l  +  (V02  /  Voi)n(l)]  ( )  “ 

= Vii(i)*[i  +  (v02  i  v0i)n(k)]1/n(k);  <3> 

Here  k  and  1  —  the  index  of  the  corresponding 
composition  at  the  its  level. 

The  minimum  quantity  of  composition  s  (N) 
meeted  for  the  solution  of  the  equation  system  (3)  is 
equal  to: 

N  =  (M  -  L)*L  +  1 ;  (4) 

Here  M  -  the  quantity  of  the  levels  analused,  L 

-  the  quantity  of  Readjusted  coefficients  in  the 
model  for  the  interrelation  of  the  composite 
composition.  When  the  model  is  described  by  the 
equation  (1),  L  =  3. 

The  system  of  transcendental  equation  (3)  was 
solved  using  the  itteration  method  for  (N  -  1) 
equation. 

Conclusions 

-The  multilevel  analysis  of  physical  properties 
formation  in  ceramic  and  composite  materials  per¬ 
mits  technology  of  the  systems  investigated  to  be 
optimized  in  order  to  get  the  maximum  efficiency 
and  thermoelectric  figure  of  merit. 

-  The  Si0  7Ge0.3  -Mn4B  system  is  perspective  as 
a  working  body  for  thermoelectric  converters  of 
energy  and  thermoelectric  sensors. 
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INTERACTION  IN  THE  Zr02-Hf02-Ce02  SYSTEM. 
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The  system  Zr02-Hf02-Ce02  is  interesting 
for  the  creation  of  materials  with  enhanced 
physico-mechanical  properties  for  high- 
temperature  application.  However,  the  phase 
diagram  for  the  ZrOrHf02-Ce02  system  has  not 
been  reported. 

The  phase  equilibria  at  the  boundary  binary 
systems  are  known.  The  Zr02-Hf02  system  is  one 
with  unlimited  mutual  solubility  of  the 
components  in  the  solid  state  It  is  characterized  by 
the  formation  of  the  solid  solutions  fields  based  on 
monoclinic  (M),  tetragonal  (T)  and  fluorite-  type 
(F)  forms  of  the  Zr02  and  Hf02.  The  Zr02-Ce02 
and  Hf02-Ce02  systems  are  of  the  same  type.  They 
are  characterized  by  a  limited  mutual  component 
solubility  in  the  solid  state.  The-  last  investigation 
[1]  of  the  Zr02-Ce02  system  defined  of  the 
tetragonal  and  cubic  Zr02  solid  solutions  regions 
as  well  as  the  solid  solution  on  the  base  of  fluorite 
type  Ce02  (1500  °C).  In  this  investigation  the 
solubility  regions  on  the  base  of  M-  and  F-  Hf02 
and  F-Ce02  were  determined  in  the  Hf02-Ce02 
system.  No  compounds  were  found  in  the  systems. 

In  this  communication  we  present  the  results 
of  interaction  for  the  Zr02-Hf02-Ce02  system  and 
isothermal  section  at  1 500  °C. 

The  samples  were  obtained  from  nitrate 
solutions  with  their  subsequent  evaporation  and 
decomposition  at  1200  °C  for  2  h.  Thermal 
treatments  were  conducted  in  air  in  the  furnaces 
with  heating  elements  based  on  SiC  (1200  °C)  and 
Zr02  (1500  C  for  40  h).  The  phase  composition 
of  the  samples  was  investigated  by  X-ray, 
petrographic  and  microstructural  analyses.  X-ray 
diffraction  analysis  of  the  samples  was  performed 
by  a  powder  method  at  room  temperature  (Cu  ka 
radiation).  The  scanning  speed  of  1-4  0  20/min 
was  used  in  the  15-90°  2©  range.  The  unit  cell 
parameters  were  calculated  by  the  least-squares  fit 
method.  The  refractive  indexes  were  measured  in 
highly  refractive  immersion  media  (  sulfur- 
selenium  alloys  or  solutions  of  arsenic  tribromide 
in  methylene  iodide). 

As  a  result  of  investigation  undertaken  it 
was  found  that  features  of  phase  equilibria  in  the 
bounding  binary  systems  are  also  observed  in  this 
ternary  diagram:  formation  of  solid  solutions  based 
on  the  different  polymorphic  modifications  of  the 


initial  oxides.  No  ternary  compounds  were 
found  in  the  system. 
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ATOMIC  ISOMORPHISM  AND  THEORETICAL  ESTIMATES 
OF  ENERGY  COMPATIBILITY  FOR  ADMIXTURE  lH-94Pu 
ELEMENTS  IN  COMMON  ELEMENTARY  CELL 
OF  rf-METAL  SOLID  SOLUTIONS 

Lidiva  N.  Grishchishvna,  A.A.  Lisenko,  D.A.  Grishchishyn,  G.A.  Baglyuk 
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it  is  thought  that  the  atomic  isomorphism  is 
foundation  property  of  elements  for  the  crystalline 
isomorphism  and  of  the  solubility  of  components 
in  solid-state.  This  report  dealt  with  problem  of 
the  theoretical  option  of  an  energy  profitable  ad¬ 
mixture/alloying  of  components  (from  lH-94Pu ) 
with  atoms  of  3d-,  4d-,  J><i-metal-solvents  [1-4]. 

In  report  the  advantages  and  deficiencies  of 
traditional  approach  (estimates  by  atomic  radius 
R,  electronegativity  En)  are  considered.  The 
microscopical  approach  of  the  energy  aspect  for 
the  atomic  isomorphism  theory,  we  are  accounting 
now,  bears  on  combined  approach  [1].  Efficiency 
of  it  has  been  provided  by  using  of  an  experi¬ 
mental  atomic  and  electronic  parameters  for  cal¬ 
culations  of  special  auxiliary'  microscopical  para¬ 
meters  of  mutual  energetic  influence  /AMPEI/ 
PElCh  «  [±f(En,R)( ■+)],  PEV  =  /  ±f(K&Q)(±)J 
VMP=  l  ±  f(EvQ)(±)],  other,  -  here  Q  -  is 
volume  per  atom  for  solid  solution  matter,  Kv  -  is 
eneigydynamical  potential  of  atom,  as  function  of 

the  isolate  atome  own  energy  formation  .S’ and  Eh 
-  Voltchenkova's  S3E  atomic  energy  capacity). 

To  simplify  the  discussion  it  must  be  mention 
of  that  the  isomorphic  and  isoenergetic  compati¬ 
bilities  of  a  component  atoms  are  the  conditions 
necessary''  and  sufficient  to  secure  of  their  mutual 
solubilities  and  for  phase  stability  of  thermody¬ 
namical  macrosystem  as  a  whole. 

To  begin  with  the  local  thermodynamic 
potentials  of  micro volum  for  any  macrosystem 
form  by  own  characteristics  of  a  component 
atoms. 

It  is  widely  recognised  that  the  local  decrease  of 
atomic  parameters  in  any  micro-volume  of 
macrosystem  gives  rise  to  diminution  of  a  local 
thermodynamic  potentials,  in  particular,  for  a 
local  Gibb’s  energy  Ag. 


The  mathematical  expressions  of  Gibb’s  equations 
in  general  and  local  task  are:  Ag  =  (Ah  —  TAs), 
Ag«0,  TAs>Ah> 0,  if  pressure  p  -  const., 
h~(u  - pdv),  u-(u0  +  jo),  then, 
dg  =  {dh-Td(s0+  skAC)}  = 

{(du0  +  dj0)-T d( 's0+sA  c)}=  {(%-£/%+ h0}~ 
Td(so+SkAC)  -  Epic  dmk}  and  for  macrovolume 
00 

AG  —  DAgi ,  here  Ag  -  is  change  of  local 
i=l 

Gibb'  s  energy.  Ah-  a  local  enthalpy.  As  -  entropy 

AC  ~ 

one,  T  -  temperature,  Sf  ~  configuration 
enthropy  deposit,  Uq-  a  local  crystalline  grating 

energy,  local  anharmonism  j0->0,  fl  —  chemical 
potential,  m  -atomic  mass.  This  local  characte¬ 
ristics  are  functions  of  atomic  and  electronic  para¬ 
meters. 

Application  of  AMPEI  for  quick-forecast  of 
donor  /  acceptor  activities  of  the  admixture 
atoms,  of  energy  equivalent  components  for  same 
atomic  structure  and  isomorphic  mixtures,  for  es¬ 
timates  competitive  of  elements  in  formation  pro¬ 
cess  for  the  multicomponen  subgratings  in 
macrosystem  will  be  discussed. 

AMPEI  forecust  results  are  correlating  with  the 
first-principle  one  for  the  same  effects  in  solid 
state  of  materials  (see  table)  [2-4]. 

In  report  the  special  attention  has  been  paid 
to  the  rules  of  the  pre-diagrams  option  of  the 
energy  equivalent  components  and  elements  for  a 
part  exchange  of  components  into  hydrogen-acu- 
mulating-subgrate  “Met-Hydrogen”  system. 

Such  an  combined  approach  proves  to  be 
extremaly  helpful  and  gives  some  rules  for 
identification  of  the  energy  equivalent  atoms  for 
acumulate-subgrate  (or  for  an  energy  compati¬ 
bilities  with  atoms)  of  solid  solution. 


119 


SECTION  B. 

SCIENTIFIC  FUNDAMENTALS  AND  COMPUTER  MODELS  FOR  THE  PROCESSES  OF  MANUFACTURING 
MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


Table  Auxiliary  microscopical  parameters  AMPEI  and  first-principle  data  for  isomorphic  mixtures 


Admix¬ 
ture— sol- 
vent) 

AR/R, 

% 

PElCh = 
f±f(En,R)(±J] 

PEV= 

[±f(KB,  Q)(±)J 

VMP- 

[+f(2>n,  Q)(±)J 

AH, 

eV/at. 

[4] 

ricoh, 
at.  ed. 
[21 

Isomorphic 

mixtures 

1 

2 

3 

4 

5 

6 

- 1  J  , 

7 

8 

A1 — *(Ni) 
Ni— >(A1) 

1 14,89 
-12,96 

f  +  1, 075(f) 

-  1,470(-) 

+  0,333(+) 

—  0,43 1  (— ) 

+  i,ii2(+) 

- 1 ,071(— ) 

“ 

1,3803 

Ni3A1 

Co->-(Al) 

Co->(Ni) 

12,58 

+  0,44 

-  1,244(-) 

+  6,553(+) 

+  0,339(-) 

+  3,256(+) 

-  1,097(-) 

0,000 

-0,006 

1^780 

(Ni,  Co^Al 

Cr->(A1) 
Cr— >(Ni) 

-10,24 

+  3,12 

-0,531(-) 

+  3,659(+) 

-  0,759(-) 

-  0,767(+) 

+  0,285(-) 

+  7^13(+) 

+  0,047 

1,3976 

(Ni,  Cr)aAl 

Hf~>(Al) 

Hf-nNi) 

+10,43 

126,87 

+ 1,565(+) 

+  1,031(+) 

-  2,220(+) 

-  0,696(+) 

-  2^225(+) 

-  0,607(+) 

-  0,475 

1,4013 

Ni3(Al,  Hf) 

Ti->(A1) 

Ti-+(Ni) 

+  2,09 

+  17,28 

+  1,258(+) 

+  1,422(+) 

-  3,725(+) 
-0,170(+) 

-2,759(+) 

+  0,426(+) 

-0,319 

1,4140 

Ni3(Al,  Ti) 

Nb-f(Al) 

Nb->(Ni) 

+  2,72 
+18,01 

+  6,005(+) 

+  1,650(+) 

-  4,386(+) 

-  0,395(+) 

-  6,462(+) 

-  0,418(+) 

-  0,329 

1,4293 

Ni3(Al,  Nb) 

Ta->(A1) 

Ta->(Ni) 

+  2,78 

+  18,08 

+  3,425(+) 

+ 1,327(+) 

-  7,649(+) 

-  0,91 6(+) 

-  8,519(+) 

-  0,880(+) 

-  0,386 

1,4300 

Ni3(Al,  Ta) 

Notes:  1.  PElCh  —  auxiliary  microscopical  para¬ 
meter  of  electron-chemical  mutual  influence  cf 
atoms; 

PEV  -  parameter  for  estimates  of  atom  ability  to 
homogeneous  alloying; 

VMF  -  high  temperature  parameter  for  estimate 
of  the  relation  change  of  atomic  cohesion  force . 

2.  About  a  parameter  signes:  first  sign  /before 
parameter/  points  out  energy  deposit  and  second 
one  /after  parameter/  -  is  dimentional  difference 
between  admixture  and  a  basic  component  atoms. 

Conclusions 

1.  The  pre-diagrams  option  of  principal 
element  composition  for  any  materials  can  be 
done  by  ^IA4P£7-parameters  of  four  types. 

2.  Quick-forecast  of  the  atomic  competitive  for 
substitution  in  common  atomic  structure  for  many 
components,  estimates  of  the  donor/acceptor 
activities  may  be  done  by  agency  of  microscopic 
parameters  PElCh. 

3.  The  auxiliary  microscopical  parameters 
PEV-[±f(Ka  Q)(±)]  gives  estimate  of  effect  cohe¬ 
sive  strength  in  atomic  structure. 

4.  Results  of  theoretical  investigations  by  AMPEI 
are  agreed  with  the  first-principle  calculation 
results  and  with  the  experimental  measurements 
of  mutual  solubility  for  metals  and  of  the 
hydrogen  solubility  in  ones 


3.  AR/R,  %  value  determines  preferablest  for 
substitution  of  admixture  element  into  common 
ele-mentary  cell  of  solid  solution. 

4.  Competitive  between  admixture  atoms  with 
equally  AR/R,  %  to  substitution  in  common 
elemen-tary  cell  cf  solid  solution  dependents  from 
PElCh-value  and  signes  (see  table  col  3). 

5.  Rule  [+VMP(+)J  determines  substitution  into 
common  elementary  cell  of  component  without 
change  type  interaction  but  f-VMP(+)J  -  with 
one;  VMP-value  /for  same  signe  rule/  points  out 
relative  increase  /decrease/  of  strength  for 
cohesion  force  in  atomic  structure. 
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Very"  valuable  construction  materials  on 
the  basis  of  Al-Ti  and  Al-Ni  alloys  are 
intercrystallite  fragile  mainly  due  to  die  grain 
boundary  impurity  segregation.  In  our  the  grain 
boundary  equilibrium  segregation  substitution 
atoms  model  [  1  ]  polycrystal  assumed  to  be 
two-phase  system  of  solid  solution  (  s  )  and  grain 
boundary  (  b  )  phase  which  have  small  volume 
fraction  a«l.  Introducing  internal  deviation 
parameter  X  from  mean  impurity  concentration 
Z,  we  may  determine  the  middle-phase 
concentrations  as  follows  Z8  =  Z  +  X  for  solid 
solution  and  Zb  =  Z  —  (l-a)X/a  on  the  grain 
boundaries.  Assume  that  molar  Gibbs  potential  of 
policrystal  is:  G  =  (l-a)G8  +  aGb,  where  G8  and  Gb 
are  molar  potentials  of  solid  solution  and 
boundary  phases,  respectively.  Substracting  the 
non-segregation  G8o  and  Gbo  potentials  we 
obtaine  the  energy  dependences  of  the  segregation 
relaxation  potential  -Gr  and  the  grain  forming  one 
-Gp,  respectively:  G  =  (l-a)G8o  +  aGbo  +  Gr  = 
G8o  +  Gf  .  If  the  volume  of  grain  boundary  phase 
is  constant  (a  —  const),  this  two-phase  system  is  in 
equilibrium  state  when  the  condition  dG/dX  —  0 
is  fulfilled.  Using  for  potentials  of  both  phases  the 
model  of  subregular  solutions  where  all  Gq  are 
thermodynamic  potentials  components  phases, 
constants  of  interaction  in  solid  phase  and  in  grain 
boundary  phases  depending  on  the  temperature 
by  four-term  formula  Gq  =A,  +  BqT  +  C,,  InT  + 
DqT2  [  2  ]  we  obtaine  the  transcendental  equation 
for  segregation,  which  we  must  resolve  by 
numerical  methods. 

We  investigated  at  high-temperatures  the 
grain  boundary  segregation  in  the  liquid-like  grain 
boundary  model  [  1  ]  with  a  =  0.01  for  systems 
with  the  broad  homogeneity  regions:  a(  HCP- 
Al,Ti ),  0(  BCC-Al,Ti ),  a2(  AlTi3 ),  Y(  AlTi )  and 
y(  AINi  ).  The  consistent  description  for  all 
condensed  phases  in  the  Al-Ti  and  Al-Ni 
alloys  firstly  developed  with  help  of  phase 
diagrams  calculation.  We  took  the  thermodynamic 
properties  of  the  phases  of  elements  from  SGTE 
13]. 

We  have  obtained  by  computer  modelling 
the  temperature  dependences  of  the  grain 


boundary  concentration  Zb  and  the  temperature 
dependences  of  the  energy  characteristics  Gr  , 
Gf.  We  have  obtained  also  fire  regions  of  phase 
existence  (consistent  with  corresponding  phase 
diagram)  and  zero-  segregation  lines  Lo  .  There 
are  general  tendency  of  increasing  the 
isoconcentration  sections  Zb  for  A1  -  Ti  and 
decreasing  Zb  for  Al-Ni  with  temperature 
growth. 

In  the  a2  -  Al,Ti  phase  we  obtained  zero- 
segregation  line  Lo  is  external  for  the  region  of 
phase  diagram  existence.  Impoverishment  of 
aluminium  atoms  on  die  boundary  under  cooling 
was  found  for  whole  region  of  a2  phase:  Zb  =  27.5 
at%Al  at  the  top  of  this  region  (1472  K,  33  at.% 
A1 )  and  at  1000  K  we  have  Zb  from  37  at.%Al 
(  Z  =  45  at.%Al )  to  Zb  =  0.85  at.%Al  (  Z  = 

20  at.%Al  ).  In  the  a  -  A1  ,Ti  phase  we  obtained 
Lo  line  from  (  Z  =  31  at.%Al ,  T  =1530K  )  to 
(  Z  =33  at.%Al,  T=1470K),  and  the  segregation 
maximum  Zb=  86  at.%Al  for  Z  =50.1  at%Al , 

T  =  1793K.  In  the  P  -  Ti,Al  phase  we  obtained  Lo 
line  from (  Z  =  6  at.%Al,  T  =1970K )  to  (Z  =  31 
at%Al  ,T  =1620K  ),  and  segregation  maximum  at 
Zb=  55  at.%Al  for  Z  =  42.7  at.%AL  T  =  1793K . 
In  fire  y  -  Al,Ti  phase  we  obtained  Lo  line  from  ( 
Z  =  47.5  at.%Al,  T  =1650K  )  to 
(  Z  =61at.%Al.  T  =1350K),  and  die  segregation 
maximum  at  Z -77  at%Al  for  Z  =65  at.%Al, 

T  =  1483K,  with  tendency  of  increasing  Zb 
changes  to  saturation  at  Z  =  65.5  at%  A1  with 
instability  at  T  <,  1200K.  Regions  of  phase 
domaines  intersections  reveale  decreasing  of  grain 
boundary  equilibrium  segregation  with  cooling: 
Zb/Z  changes  from  1.2  (Z=52  at%Al,  T=1793K) 
and  later  to  0.42  at  1000  K. 

For  the  y  phase  in  the  A1  -  Ni  system  the 
zero-segregation  line  Lo  goes  from  the  melting 
point  (191  IK,  50  at.%  A1 )  to  (  1370K,  36  at.% 
A1 ).  For  the  y  -  Al,Ni  phase  we  have  tendency  of 
A1  atoms  segregation  with  its  atomic  fraction 
increasing  and  cooling:  Zb  =  Z  (1911  K,  50  at.% 
A1 )  at  1000  K  through  Zb  =  63.9  at.%Al  (  Z  =  45 
at.%Al  )  up  to  Zb  =  84  at.%Al  (Z  =  65  al.%Al  ). 
When  Z  <  50  at.%Al  Zb  /Z=0.67  (1668K,30 
at%  A1  ).  For  Z  £  50  at.%Al  the  atoms  of 
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aluminium  go  to  boundaries:  at  1000K  Zb/Z 
changes  from  1.42  (  Z  =  45  at%Al )  to  1  29 
(  Z  =  65  ar.%Al ). 

We  have  obtained  also  general  tendency 
of  correlation  between  the  temperature 
dependences  of  die  energy  characteristics  Gr.Gf 
and  the  temperature  dependences  of  the 
concentration  Z“  on  grain  boundaries  under  the 
equilibrium  segregation  substitution  atoms. 

Conclusions 

The  Al-Ti  and  Al-Ni  alloys  with 
aluminium  content  of  about  and  higher  that 
50  at.%  revealed  the  segregation  of  aluminium 
atoms  on  the  grain  boundaries.  Analysis  of  the 
grain  boundary  segregation  tendencies  for  the  y 
phases  in  the  A1  -Ti  and  A1  -  Ni  systems  also 
permit  other  intermediate  micro-phases  nucleation 


prognozis  on  boundary  regions.  These  effects  may 
explain  the  high-temperature  interciystalline 
fragility  of  these  alloys. 
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ABSTRACT 

Phase  equilibria  in  the  binary  ZrC^-EujCb, 
EU2O3-Y2O3  systems  and  ternary  Zr02-Y203- 
EU2O3  system  were  studied  in  the  wide  range  of 
temperatures  (2500-1250  °C)  and  concentrations 
(0-100  mol  %  Eu203)  by  thermal  analysis  in  air, 
X-ray  diffraction,  microstructural  and 
petrographic  analyses,  electron  microscopy  using 
melted  and  annealed  samples.  Phase  diagrams  of 
the  EU2O3-Y2O3,  Zr02-Eu203  and  Zr02-Y203- 
EU2O3  systems  are  developed. 

INTRODUCTION 

Europia  as  well  as  yttria  is  useful  dopant  to 
refractory  oxide  such  as  zirconia.  Because  of  its 
high  capture  cross  section  in  fast  neutron  fluxes 
and  because  this  absorption  worth  is  sustained  by 
chains  of  high  cross-section  daughter  isotopes, 
europia  is  attractive  as  a  control  and  shutoff  rod 
material  in  fast  reactors.  Europia  is  a  suitable  for 
these  purposes  since  it  is  relatively  stable 
chemically,  has  a  high  melting  point  (2320°C), 
can  be  fabricated  easily  into  dense  bodies  with  a 
high  europia  density,  and  is  readily  available. 
However,  disadvantage  associated  with  the  use  of 
pure  europia  is  that  when  it  is  fabricated  at 
temperatures  above  1100°C  the  higher- 
temperature  monoclinic.  B  form  is  produced 
which  exhibits  undesirable  swelling  under  fast 
neutron  irradiation.  The  cubic  structures  can  be 
stabilized  at  sintering  temperatures  by  using 
suitable  additives.  Additions  of  zirconia  and  yttria 
to  europia  suppress  grain  growth  and  improve  its 
elastic  properties  [1]. 

The  main  purpose  of  this  work  is  to  investigate 
the  physics  and  chemistry  of  phase  interactions  in 
the  ternary  Zr02-Y203-Eu203  system  at  high 
temperatures  and  wide  concentration  range.  This 
system  is  perspective  from  the  standpoint  of 
creation  high-refractory  materials  and  ones  with 
increased  strength  characteristics  in  which  the 
composition  of  both  matrix  and  strengthening 
phase  is  the  same. 

Phase  relations  in  the  boundary  binary  systems 
EU2O3-Y2O3,  Z1O2-EU2O3  were  studied  in  the  wide 
range  of  temperatures  (1250-2800°C)  ■  and 


concentrations  (0-100  mol  %  EU2O3).  Phase 
diagrams  of  these  systems  were  developed  [2, 3]. 

Phase  equilibria  of  the  system  EU2O3-Y2O3  are 
characterized  by  the  formation  of  the  fields  of 
solid  solutions  of  various  extent  based  on  the 
hexagonal  (A-  and  H-type),  monoclinic  (B),  cubic 
(C-  and  X-type)  modifications  of  the  rare-earth 
oxides,  that  is  known  for  the  majority  of  cerium 
subgroup  oxides.  There  is  the  peritectic-type 
transformation  on  the  liquidus  at  2370  °C, 
58  mol  %  Y203  and  point  of  minimal  temperature 
at  23 1 0  °C,  10  mol  %  Y203. 

In  the  subsolidus  region  of  the  phase  diagram 
Zr02-Eu203  system  the  fields  of  solid  solutions 
based  on  tetragonal  (T)  and  cubic  (fluorite-type, 
F)  modifications  of  zirconia,  pyrochlore-type 
compound  E^Z^Cb  as  well  as  solid  solutions  on 
the  basis  B,  A,  H  and  X  forms  of  Eu203  were 
found.  The  dopants  of  zirconia  to  europia  have 
stabilized  the  C-phase  at  the  higher  temperatures, 
increasing  the  range  of  its  existence.  The  liquidus 
of  the  system  ZrCb-E^Cb  is  characterized  by 
eutectic  transformation  at  2310°C,  26  mol  % 
ZrCb.  The  compound  Eu2Zr207  is  not  observed  on 
the  liquidus  surface  but  is  created  in  the  solid 
phase  at  temperature  ~  2000  °C. 

Solid  solutions  based  on  T,  M  and  F 
modifications  of  zirconia  as  well  as  C  and  H 
modifications  of  yttria  are  known  to  form  in  the 
system  ZrCb^Cb  at  high  temperatures.  The 
higher  yttria  content  the  higher  is  the  liquidus 
temperature  in  the  Zr02-Y203  system  which 
reaches  its  maximum  at  20  mol  %  Y2O3  [4].  There 
is  an  eutectic  transformation  at  2360  ±25  °C  and 
87  ±2  mol  %  Y2O3.  The  liquidus  of  this  system  is 
also  characterized  by  a  peritectic  transformation 
at  2440  °C  and  76±2  mol  Y203  [5]. 
EXPERIMENTAL  PROCEDURE 

The  samples  for  investigations  of  the  phase 
equilibria  in  the  ternary  Zr02-Y203-Eu203  system 
were  prepared  from  5  to  10  mol  %  by  both 
mechanical  mixing  of  oxides  and  coprecipitation 
of  hydroxides.  Part  of  these  samples  was  used  for 
the  investigation  in  the  as  prepared  form  (melted 
specimens).  Other  samples  were  annealed  at 
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1550  °C  for  70  h  in  air.  The  boundaries  of  the 
phase  fields  were  determined  by  thermal  analysis 
in  air  up  to  3000  °C  using  a  solar  furnace.  The 
phase  compositions  were  investigated  by 
petrography,  X-ray  phase  analysis,  electron 
microprobe  X-ray  analysis,  chemical  and  X-ray 
fluorescence  spectrum  analysis. 

RESULTS  AND  DISCUSSION 

An  investigation  of  interaction  in  the  system 
Zr02- Y 2O3-EU2O3  and  over  the  whole  range  of 
concentrations  at  temperatures  above  2000  °C 
revealed  no  new  phases.  The  results  of  this 
investigation  showed  that  the  liquidus  surface  of 
this  system  is  consisted  of  four  fields  of  phase- 
primary  crystallization:  namely,  solid  solutions 
based  on  Zr02  phase  with  a  fluorite-type  structure 
F,  H  and  C  forms  of  Y1O3  as  well  as  X-  Etb03. 
There  are  two  invariant  points  four-phase 
equilibria  of  peritectic-type  on  the  liquidus  with 
the  coordinates  20  mol  %  Zr02,  50  mol  %  Y203 
at  2340  °C  (U|)  and  20  mol  %  ZrCb,  40  mol  % 
Y203  at  23 1 0  °C  (U2). 


Zr02  ,2700 


Zr02-Y 2O3-EU2O3  system  (O  -single  phase,  O  - 
binary  phase,  •  -  ternary  phase  samples). 


The  minimal  melting  temperature  for  the  Zr02- 
Y2O3-EU2O3  system  is  2130  °C(e2),  maximum 
temperature  of  the  liquidus  surface  is  equal  to 
2750  °C,  which  corresponds  to  the  melting  point 
of  80  mol  %  ZrO3-20  mol  %  Y2O3.  The  liquidus 
surface  of  this  system  contains  the  same  fields  as 
do  the  solidus  surface,  and  the  most  extended 
field  is  that  of  the  fluorite  based  solid  solutions. 
Solidus  surface  in  the  investigated  system  consists 
of  2  ternary-phase  fields  corresponding  to  the 


transformations  L+H->X+F  and  L+C->H+F.  The 
crystallization  of  the  alloys  was  investigated  using 
the  data  on  structure  of  the  liquidus  and  solidus 
surfaces.  The  crystallization  paths  for  the  alloys 
and  the  schematics  of  the  reactions  were 
constructed  (Figs.  1, 2). 

ZrOi-EujO,  EujOj-YiOj  ZrOi-YjOj-EtijO,  ZrOj-YjOj 


Fig.  2.  Schematic  of  the  reactions  proceeding 
during  equilibrium  crystallization  of  melted 
samples  in  the  Z1-O2-Y2O3-EU2O3  system. 


The  isothermal  sections  were  developed  at 
1550  C  and  1250  °C.  Some  similarities  and 
differences  are  observed.  At  1150-1250°C  we 
identified  single  fase  regions  of  solid  solutions 
based  on  T-  and  F-Zr02,  B-  and  C-Eu203,  C-Y203 
and  Zr3Y40i2  (8). 
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Systems  A1203  -  Zr02  -  RE-oxides  attract 
much  attention  as  a  source  for  design  of 
refractory  oxide  materials  with  complex 
composition.  The  initial  oxides  are  very  hard, 
stiff,  have  low  thermoconductivity  and  high 
chemical  stability.  RE-oxides  are  the  best  Zr02 
stabilizers,  alumina  improves  thermomechanical 
properties  as  well  as  inhances  the  stability  of 
ceramics  at  hydrothermal  conditions. 

Phase  diagrams  are  the  best  technologist 
assistant  for  constructing  advanced  materials.  So 
die  aim  of  die  present  investigation  was  to  study 
AI2O3  -  Zt02  -  RE-oxides  phase  diagrams, 
where  Ln  -  La  and  Y.  These  RE-oxides  are  the 
representatives  from  Ce  and  Y  subgroups. 

Samples  for  the  investigation  were  prepared 
of  pure  “h”  qualification  oxides,  melted  in  high- 
temperature  DTA  set  and  analysed  by  DTA  X- 
ray,  petrodraphic  and  microstructural  methods. 
The  results  of  investigation  are  presented  in  Fig. 
1  and  2  as  isothermal  A1203  -  Zi02  -  RE-oxides 
phase  diagram  sections  at  1250  °C. 


Fig.  1.  Isothermal  section  of  the  Al203-ZrO2- 
L%03  phase  diagram  at  1250  °C. 

At  first  site  the  interaction  in  these  systems 
are  quite  different.  Really,  die  isothermal  section 
of  the  Al203-Zi02-La263  system  contains  four 
three-phase  fields  and  four  two-phase  fields.  The 
same  section  in  the  Al203-Zr02-Y203  system 
contains  six  three-phase  fields  and  seven  two- 


phase  fields.  It  is  the  result  of  interaction 
differences  in  binary  bounding  systems  A1203  - 
RE-oxides  and  Zr02  -  RE-oxides.  In  die  A1203  - 
La203  system  only  two  compounds  LaAIOlg  and 
LaA103  are  known.  Three  compounds  Y3A1sOi2, 
YAi03  and  Y4A1209  are  known  in  the  system 
A1203  -  YaQ,.  There  is  only  in  ones  compound 
in  bounding  systems  Zr02  -  RE-oxides  and  both 
are  superstructures:  La2Zr207  with  pyrochlore- 
type  structure  melts  congruenfty  at  2340  °C,  and 
Zr3Y4Oi2  with  rombohedral  structure 
decomposes  in  solid  state  above  1382  °C. 


Z1O2 


Fig.  2.  Isothermal  section  of  the  Al203-Zr02- 
Y203  phase  diagram  at  1250  °C. 

One  should  draw  attention  to  die  wide  area 
(up  to  40  %  mol.  Y203)  of  solid  solutions  on  the 
base  of  ZrO^  in  the  binary  bounding  system 
Zr02  -  Y203.  The  La203  solubility  in  Zr02  does 
not  exceed  1,5  %  mol.  in  the  bounding  system 
Zr02  -  La203.  All  these  differences  leads  to  the 
different  interactions  in  tire  system  studied. 

But  these  two  systems  have  also  some 
common  features. 

First,  no  ternary  compounds  and  solid 
solution  areas  were  found  in  both  systems. 
Second,  the  interaction  in  the  systems  is  defined 
by  the  phases  on  the  base  of  Zr02;  they  are  in 
equilibria  with  majority  of  other  phases.  This 
feet  is  the  scientifical  base  for  constructing 
composite  materials,  in  wich  reinforcement 
phases  do  not  react  with  a  matrix. 
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PERSPECTIVE  EXTREMELY  HIGH-FREQUENCY  ELECTRO- 
ACOUSTICAL  TRANSDUCER  OF  HYPERSOUND 
ON  BASE  OF  BN-NANOTUBE/SiC-NANOWHISKER 

Pokropivny  V.V.,  Bezymjany  Yu.G.,  Pokropivny  A.V.,  Prilutskii  E.V.,  Partch  R. (1) 

Frantsevich  Institute  for  Problems  of  Materials  Science,  of  Ukrainian  NAS,  Kiev,  Ukraine 
(l)  Clarkson  University  CAMP,  Potrdam  NY,  USA 


Generators  and  receivers  of  irradiation  are 
known  to  determine  the  progress  in  many  branches 
of  science  and  technology.  To  present  time 
electroacoustical  transducers  for  generation  and 
reception  of  hypersound  waves  in .  a  range  up  to 
hundreds  of  giga-hertz  on  base  of  surface  acoustical 
waves  were  developed  that  were  excited  on  resonant 
frequencies  in  the  thin  piezoelectric  films  of  quarts, 
LiNb03,  AIN,  ZnS,  CdS,  ZnO,  etc.  However  for 
high  frequencies  die  wafer  becomes  to  be  brittle  and 
difficult  to  fabricate,  because  of  it  ultra-thin  width 
is  comparable  with  half  of  wave  length  d=l/2.  Up  to 
now,  there  are  no  effective  hyper-sound  generators 
in  tera-gertz  range,  thought  the  need  of  which  is 
requested  when  activating  a  sintering  of 
ultradisperse  superhard  particles,  when  generating 
of  coherent  phonons  (  phaser  ),  and  many  other 
applications. 

Discovery  of  nanotubes  presents  us  an 
unique  possibility  to  solve  this  problem.  The 
nanotubes  posses  a  number  of  advantages  over  the 
thin  films.  Firstly,  the  diameter  of  nano-tubes  lie  in 
the  range  of  1  -  1000  nm,  therefore  the  extreme 
frequency  of  natural  transverse  hypersound 
vibration  can  be  raised  to  ~  1  -  10  TGz.  Secondly, 
the  vibrate  spectrum  of  cylindrical  nanotubes  is 
characterized  by  the  number  of  peculiar  circular 
modes  called  as  whispering  gallery  modes,  such  as 
breathing  Alg)  whispering/squash  E2g,  silent  EIu,  and 
other  modes.  Thirdly,  by  a  singularity  of  this  modes 
is  a  low  attenuation.  Fourthly,  in  some  nanotubes 
the  inversion  symmetry  centers  are  absent,  and  in 
hexagonal  layers  of  hetero-geneous  nanotubes  an 
electron  charge  transfer  is  presented,  so  the 
nanotubes  and  BN  nano-tubes  in  particular  become 
to  be  piezoelectric.  Fifthly,  the  quantum  chemical 
calculation  of  BN  nanotube  polarization  under  axial 
stretching  gives  non-zero  values  of  piezoelectric 
constants. 


Propagation  of  hypersound  vibrations  is 
known  to  be  possible  only  in  crystals,  because  in 
gases  the  hypo-sound  can  not  propagates  due  to  it 
wave  length  is  less  then  a  mean  free  path,  and  in 
liquids  it  strongly  attenuates.  Therefore  to  transfer 
the  hypersound  vibration  an  ciystalline  rod,  for 
example  SiC,  must  be  placed  inside  the  core  of 
nanotube.  The  scheme  of  such  an  electo-acoustic 
transducer  is  shown  in  the  figure.  The  calculations 
are  presented  to  confirm  the  BN-nanotube/SiC- 
nanowhisker  as  an  extremely  high-frequency 
hypersound  transducer  in  giga-tera  gertz  range. 
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THEORETICAL  PREDICTION  OF  THE  ELEMENT  COMPOSITION 
AND  INVESTIGATIONS  OF  THE  WEARPROOF  FACTORS  FOR 
EUTECTIC  COATINGS  ON  THE  d-METALS  BASE 

N.A.  Uskova,  A.G.  Moljar1  L.N.  Grishchishyna 

Institute  for  Problems  of  Materials  Science,  NAS  of  Ukr.,  Kyiv,  Ukraine 
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The  Tribotechnical  and  phisical-chemical  pro¬ 
perties  of  the  eutectic  coatings  by  our  technology 
[1]  compared  favourable  with  analog  ones  after  a 
sliding  friction  force  tests. 

This  report  is  devoted  to  governing  of  the 
properties  by  the  agency  of  the  defect  structure 
forming  and  by  initiation  in  the  multi-component 
coatings  of  the  eutectic  effects. 

Investigation  was  made  in  the  complex 
approach  [1-5]. 

Theoretical  part: 

The  primary  task  of  investigate  is  to  provide 
estimations  of  the  energy  and  dimentiona 
contributions  to  the  d-metal  solvents  atomic 
structure  from  alloying  elements  and  admixture 
atoms.  It  is  now  that  the  properties  of  an 
materials  are  function  of  a  structure  stability  but 
the  local  decrease  of  thermodynanic  potentials  for 
microvolume  of  the  grain  atomic  structure  can 
gives  rise  to  diminution  of  Gibb’s  energy  G  (G  is 
criterion  of  the  material  phase  stability). 

It  is  widely  recognised,  that  the  thermodynamic 
potentials  of  the  material  grains  are  formed  from  a 
local  atomic  (electronic)  characteristics  o 
components  in  an  elementary  cells  of  soli 
solution. 

The  energy  profitable  defect  structure  must 
not  give  rise  to  break  of  the  material  phas 
stability,  but  it  will  be  strengthening  for  one.  This 
question  will  be  considered  in  detail  in  report. 

The  second  step  towards  the  solution  of  this 
problem  consists  in  calculation  of  auxiliary 
microscopic  parameters  (it  uses  of  the  individual 
atomic  /electronic/  characteristics  of  components). 

The  author  [2]  has  elaborated  the  combined 
approach  for  estimates  of  ability  to  mutua 
solubility  of  chemical  elements  in  a  solid  state 
materials  and  has  calculated  a  system  of  the 
special  auxiliary  microscopical  parameters  of  a 
mutual  energetic  influence  (AMPEI)  of  four  types: 
normal  temperature  parameters  are 
PElCh  =  [±  f(En,R)(±)],  PEV=[±f(Ke,U)(±)]; 
high  temperature  -  VMP  =  [+  f  (Em,  U)  (+)], 


PEEMR=[+f(Zm,  S)(±)]  (here  En  /eV/-  electrone¬ 
gativity,  R/nm/-  atomic  radius,  KE  /106  J  mol/ 
kg  m3 /-  energodynamical  potential  of  chemi¬ 
cal  elements  and  Em  /  J/K,  a.u.m.  /  -  atomic 
energy-contents  by  Voltchenkova,  U  /nm/  - 
volume  per  atom ). 

Application  of  two  types  of  AMPEI,  - 
PElCh  -  PEV  for  quick-forecast  of  donor/  acceptor 
activity  (the  first),  of  the  energy  compotibility 
elements  (second)  and  the  solid-solution 
strength  will  have  been  discussed  in  report. 

To  anticipate,  if  the  atoms  of  admixtures  and 
metals  have  parameters  with  combination  signs  [- 
PElCh(+)]<=>[-PEV(+)]  (see  table)  they  are  giving 
rise  to  formation  of  an  energy  profitable  of  the 
chemical  nature  defect  structures  after  the  type  of 
the  admixture-saturated  d-metal  complexes  /CTC 
-eng.  KPZ-rus.,  [4]/.  CTC  d-metal  complexes 
typical  formula  is: 

{  [(H3N)6MzGLy((OH)2H)5]4+  + 

+  L(x-y)  M  {  i-[(x-y)+zj}  }  here  L,  M  -  basic 
components,  G  -  halogen  atoms,  other  -  are 
admixture  elements.  If  the  atoms  of  admixtures 
and  metals  have  parameters  with  combination 
signs  [-PElCh(-)]<=>[-PEV (-)]  (see  table)  they  are 
giving  rise  to  isomorphical  substitution  (solid- 
solution  with  intermetallic  effect). 

F.xnerimental  part:  The  crystal  structure,  the 
phase  composition  and  properties  of  the  plaz-ma 
deposyted  eutectic  coatings  on  a  Fe-base  were 
investigated  in  complex  approach  [1-3]. 

The  research  samples  were  made  in  ammonia 
atmosphere. 

The  complex  researches  of  samples  had  been 
carried  out  by  Oge  spectroscopy,  electro-chemical 
methods  and  by  X-ray  difraction  method  and 
microanalyser  «Camebax»  (operators  —  M.V. 
Karpez,  V.M.  Vereshchaka) . 

It  was  found  out  that,  the  investigate  plazma 
deposyted  eutectic  coatings  are  characterized  by 
the  good  systems  «dendrites-intermetallics-the 
topology  bond  nets  of  defects  after  the  type  of 
CTO. 
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Table  Auxiliary  microscopical  parameters  of  electrochemical  actyvity  [+  PElCh(±)] 


Abase 

compo- 

Alloying  nents 
elements  (sol) 

Sc 

Ti 

Cr 

Mn 

Fe 

Ni 

1 

2 

3 

4 

5 

6 

7 

H-Ksol.)PEV 
H— >(sol.)  PelCh 

- 1,789(+) 

-  5,037(+) 

-  0,925(+) 
-2,039(+) 

-  0,443(+) 

-  0,760(+) 

-  0,447(+) 

-  0,684(+) 

-  0,433(+) 

-  0,589(+) 

-  0,389(+) 

-  0,390(+) 

N— »(sol.)  PEV 

N— >(sol.)  PelCh 

— 10,422(— ) 

— 48,713(— ) 

-  3,462(-) 
-15,293(+) 

-  1,106(+) 
-4,157(+) 

- 1,145(+) 

-  4,043(+) 

-  1,065(+) 
-3,577(+) 

-0,918(+) 

-  2,748(+) 

0-»(sol.)  PEV 
0->(sol.)  PelCh 

-  3,160(-) 

— 16,786(— ) 

-  58,985(-) 
-296, 5(-) 

-2,195(+) 

-  9,604(+) 

-  2,325(+) 

-  9,648(+) 

-  2,075(+) 

-  8,207(+) 

- 1,673(+) 

-  6,013(+) 

B-Ksoi.)  PEV 
B->(sol.)  PelCh 

+31,109(-) 

-  2,255(— ) 

+22,986(-) 

-  2,383(— ) 

+35,309(-) 

-  2,507(— ) 

+49,959(-) 

-  2,100(— ) 

+31,490(-) 

-  2,044(-) 

+39,552(-) 

-  1,713(— ) 

C-Ksol.)  PEV 

C— >(sol.)  PelCh 

+39,957(-) 

-  3,692(— ) 

+30,393(-) 

-  4,322(— ) 

+50,423(-) 

-  6,26 1(-) 

+70,464(-) 

-  5,398(— ) 

+45,437(-) 

-  5,692(-) 

+59,326(-) 

-  6,147(-) 

AI-»(sol.)  PEV 
Al-»(sol.)PelCh 

+  3,333(— ) 

- 1,766(— ) 

+  5,182(— ) 

-  5,562(-) 

+  0,695(+) 

+  0,452(+) 

+  2,284(+) 

+  0,765(+) 

+  0,250(+) 

+  0,855(+) 

+  0,333(+) 

+  1,075(+) 

Si— >(sol.)  PEV 
Si— >(sol.)PelCh 

+  6,813(-) 

-  6,320(-) 

+  3,379(+) 

-  7,448(+) 

+  0,609(+) 

-  0,659(+) 

+  1,596(+) 

-  0,493(+) 

+  0,32 1(+) 

-  0,315(+) 

+  0,364(+) 

+  0,026(+) 

Zr-»(sol.)  PEV 
Zr— >(sol.)PelCh 

-  8,480(-) 
-0,719(-) 

-2,315(+) 

+  0,784(+) 

-  0,794(+) 

+  0,862(+) 

-  0,706(+) 

+  0,996(+) 

-  0,798(+) 

+  1,004(+) 

-  0,678(+) 

+  1,058(+) 

- s  - uj  un-vnvmwui  muiuai  mjiuence  oj  atoms;  rtV  -  one  for 

estimations  of  relation  ability  of  components  to  homogeneous  alloying.  First  sign  /before  parameter/  points  out  an  energy 
deposit  but  second  one  /after/  -  is  a  dimentional  difference  between  admixture  atom  and  basic  one. 


Investigation  of  phase  state  for  coatings  had 
been  carried  out  by  X-ray  diffractometer 
DRON-UM1  and  by  the  transmission  electronic 
microscopy. 

It  is  a  matter  of  common  experience  clusters  of 
defects  after  the  type  of  CTC  were  disposed  on 
(110),  (112),  (111)  crystallographical  planes  of 
the  d-metal  solid  solution;  embryos  of  carbides, 
intermetallic  compounds,  eutectic  phases  had 
been  formated  on  a  cluster  nonvalency  bonds  of 
CTC;  scandium  and  hydrogen  are  general  the 
CTC  initiate  elements  in  composition  of  this 
coatings.  It  was  found  out  that  the  plazma 
deposyted  eutectic  coatings  have  the  adhesion 
strendth  to  Fe-base  very  high. 

Conclusions:  1.  As  thermodynamical  potentials  are 
function  of  atomic  characteristics,  the  relation  energy 
contributions  of  components  from  powder  mixture 
can  be  determined  by  agency  PelCh  -  PEV. 

2.  It  was  found  out  that  the  simbios  of  some  factors 
for  system  «dendrites-intermetallics-the  hydrogen- 
saturated  topologybonding  cluster-nets  of  CTC  de- 
fects»  forms  the  strength  framework,  and  the  gene¬ 
ral  load  from  an  external  factors  is  cany  out  by  it. 
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The  process  of  hot  pressing  the  complex-shaped 
profile  glass  products  on  the  Walter  type 
automatic  line  with  the  natural  cooling  of  the 
mold  and  product  open  surfaces  is  discussed  in 
the  paper. 

The  line  consists  of: 

-  rotary  table  with  a  set  of  mold  matrices  fixed 
circumferentially  at  regular  intervals; 

-  furnace-matrix  glass  feeder,  press  with  a 
punch,  lift  for  transferring  molded  items  from 
the  matrix  onto  the  line  of  annealing  which 
are  fixed  at  definite  positions  over  the  table; 
driving  systems  for  the  line  elements; 
systems  of  programmed  parameters  for 
pressing  mode  control. 

The  molding  process  is  of  cyclic  character.  It 
consists  of  several  stages:  successive  uniform 
movement  of  the  table  with  the  matrices  along  the 
positions  in  the  turn-stop  mode,  glass  feeding, 
glass  product  molding,  transfer  of  the  glass 
product  from  the  matrix  onto  the  line  of 
annealing. 

Hot  pressing  is  accompanied  by  the  continuous 
cooling  of  the  glass  mass  at  the  expense  of  heat 
transfer  from  this  glass  mass  through  the  forming 
surfaces  onto  the  heat  removal  surfaces  of  the 
tooling,  line  equipment  and  into  the  environment 
and  also  by  the  transformation  of  the  product 
material  from  the  viscous  state  into  the 
aggregative  solid  state.  In  this  case  thermal 
stresses  may  occur  in  the  product  the  amount  of 
which  depends  on  the  rate  of  material  cooling  at 
the  temperature  close  to  the  temperature  of 
softening  and  on  the  viscous  properties  of  the 
material.  Thus,  hot  pressing  is  a  complicated  heat 
exchange  process  which  requires  a  consideration 
of  press  line  technical  characteristics,  geometrical 
dimensions  of  the  molds,  physical  properties  of 
the  press  mold  and  product  materials  in  order  to 
obtain  appropriate  products. 

A  model  of  glass  product  hot  pressing  based  on 
solving  the  problem  of  nonstationary  thermal 
conductivity  for  the  system  of  bodies  with  the 


variable  boundary  conditions  is  proposed.  A  heat 
exchange  model  makes  it  possible  to  examine  the 
processes  of  heat  exchange  between  a  glass 
product  (drop),  matrix,  punch,  table  and  the 
environment  during  separate  stages  or  during  the 
whole  cycle  of  pressing.  The  problem  of 
nonstationary  thermal  conductivity  was  solved  in 
the  cylindrical  system  of  coordinates  using 
Krank-Nickolson  implicit  scheme  and  the  method 
of  elemental  heat  balance  for  each  separate  stage. 
This  method  is  characterized  by  the  constant 
boundary  conditions  of  heat  exchange  for  the 
process  elements  and  by  the  initial  conditions 
determined  by  the  temperature  fields  in  the 
elements  according  to  the  last  time  interval  of  the 
previous  stage.  The  initial  conditions  in  the 
elements  for  the  first  cycle  were  determined  from 
the  temperature  and  thermophysical  properties  of 
the  glass  mass  fed  onto  the  line,  from  the  quantity 
of  heat  released  to  the  glass  mass  during  one 
cycle,  from  the  duration  of  the  cycle  and  from  the 
temperature  of  press  mold  forming  surfaces 
calculated  for  the  conditions  when  a  glass  product 
does  not  adhere  to  the  press  mold  and  there  are  no 
cracks  in  the  glass  product. 

Heat  removal  from  the  open  surfaces  of  the 
elements  at  all  stages  was  considered  to  be  a 
process  caused  by  natural  convection  and  (or) 
radiation. 

The  peculiarities  of  heat  transfer  in  the  “product- 
tooling-environmenf  ’  system  during  one  cycle  for 
the  glass  type  product  were  studied  with  the  help 
of  a  heat  exchange  model.  The  quantity  of  heat 
released  to  the  tooling  elements  and  into  the 
environment  through  the  forming  surfaces  of  the 
product  was  determined.  An  important  role  of 
matrix  geometry  and  material  in  the  process  of 
heat  removal  was  found. 

The  problems  of  a  steady  process  of  heat 
exchange  for  the  case  with  a  water-cooled  punch 
and  two  matrices  from  the  40x13  steel  are 
considered  in  the  paper.  One  matrix  is 
manufactured  by  the  conventional  method  and  the 
other  —  with  the  use  of  the 
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evaporation/condensation  system  (ECS)  of  the 
heat  exchange. 

The  measurements  made  during  the  real  process 
of  pressing  revealed  the  agreement  between  the 
calculated  and  experimental  temperature  values  of 
the  forming  surfaces  with  an  accuracy  of  10  %. 
The  results  obtained  point  to  an  essential  decrease 
in  the  scatter  of  temperatures  of  the  forming 
surfaces  of  the  matrix  with  ECS  as  compared  to 
the  conventional  matrix. 

The  effect  of  each  parameter  controlling  the 
process  on  the  magnitude  of  steady  temperature 
field  in  the  press  mold  was  evaluated  on  the  basis 
of  a  multifunctional  analysis. 


The  algorithm  for  bringing  the  line  with  the 
tooling  to  the  required  initial  conditions  has  been 
developed.  Simpler  ways  of  adaptation  of  the  heat 
exchange  system  to  the  changed  initial  conditions 
(glass  mass  temperature)  was  found  in  the  case  of 
using  the  matrix  with  ECS.  The  validity  of  the 
pressing  mode  chosen  was  evaluated  based  on  the 
maximum  thermal  stresses  occurred  in  the  glass 
product. 

A  heat  exchange  model  constitutes  software  with 
a  set  of  subprogrammes  intended  for  solving  the 
heat  problem  at  each  stage.  Combining  the 
subprogrammes  in  varying  sequence,  one  can 
significantly  increase  the  number  of  the  problems 
which  can  be  solved. 
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A  new  approach  to  the  assessment  of  adhesion  and 
cohesion  strengths  of  multilayer  composites  has 
been  developed.  The  approach  is  based  on  the 
computer-aided  modeling  of  the  thermal 
elastoplastic  stressed-strained  and  limiting  states  of 
the  composites  after  coating  and  when  operated. 

Studied  were  multilayer  composites  produced  by 
the  CVD  and  PVD  coating  of  substrates  with 
structure-inhomogeneous  materials  and  other 
traditional  methods  (welding,  hard-facing, 
diffusion). 

A  data  bank  has  been  formed  that  includes  the  key 
physico-mechanical  properties  both  of  the 
individual  layers  and  the  composite  as  a  whole  as 
well  as  the  most  typical  schematic  diagrams  of 
their  loading.  The  bank  can  be  supplemented  with 
the  results  of  analysis  of  the  basic  regularities  of 
the  local  straining  and  fracture  of  the  composites 
under  the  loading  conditions  similar  to  those  in 
operation. 

The  stressed  state,  static  and  fatigue  strengths  of 
multilayer  composites  have  been  FEM-studied 
using  the  specially  developed  “KOMPOZIT”  set  of 
software.  The  program  takes  into  account  the 
sputtering  technology,  structure  inhomogeneity  of 
materials  of  individual  layers  and-  dependence  of 
their  properties  on  the  scale  factor.  The 
“KOMPOZIT”  includes  a  number  of  service 
programs  that  assist  essentially  in  the  preparation 
of  the  initial  and  in  the  processing  of  the  FEM- 
calculated  information. 

The  potentialities  of  the  suggested  approach  are 
illustrated  by  modeling  the  stressed-strained  and 
limiting  states  of  a  composite.  The  composite  has 
been  produced  by  sputtering  of  an  a-C:H  structure- 
inhomogeneous  diamond-like  carbon  film  onto  a 
polymeric  substrate  of  polyethylene  terephthalate 
by  butane  decomposition  in  a  glow  discharge 
plasma  [1].  As  a  rule,  the  two-layer  composite  is 
used  as  an  external  protective  layer  for  multilayer 


optical  elements  operating  in  corrosive  media  and 
can  be  subjected  to  extreme  heat  and  power  loads. 
The  hardness,  Young  modulus  and  fracture 
toughness  coefficient  used  in  calculations  have 
been  measured  on  a  Nano  Indenter  II  mechanical 
microanalyzer  (Nano  Instrument  Inc.,  USA)  [1]. 
The  thickness  of  the  polymeric  substrate  was  100 
pm  and  the  thickness  of  the  coating  sputtered  at  a 
temperature  of  about  70-150  °C  was  varied  from  5 
to  10  pm. 

Our  calculations  have  shown  that  residual 
compressive  heat  stresses  act  in  the  coating.  They 
increase  with  sputtering  temperature  and  diamond¬ 
like  film  thickness.  In  terms  of  the  limiting  state 
criterion  [2]  it  follows  that  at  a  sputtering 
temperature  of  about  150  °C  the  adhesion  strength 
of  a  composite  on  cooling  is  close  to  zero.  This  can 
result  in  a  spontaneous  peeling  of  the  coating. 

We  have  modeled  the  lengthwise  elastoplastic 
deformation  of  the  two-layer  composite  by  tensile 
stresses,  which  are  close  in  value  to  the  respective 
strength  of  the  substrate  material.  We  have  found 
and  experimentally  verified  that  the  diamond-like 
coating  with  residual  stresses  starts  to  fail  in  the 
region  of  the  peak  tangential  and  equivalent 
stresses.  The  failure  is  accompanied  by  the 
initiation  of  cross  cracks  spaced  1 5-20  pm  apart. 
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It  is  well-known  a  lot  of  successful  applying 
of  the  nucleation  theory  [1]  to  the  different 
actual  problems:  glass  transition,  alloys 
decomposition,  phenomena  in  biological 
systems,  melting  of  clusters  and  bulks,  gas- 
liquid-  crystal  transition  near  the  triple  point 
and  some  others.  One  of  the  perspective 
developments  of  [1]  is  the  so-called  multistate 
kinetics  theory  (MSKT)  when  the  evolution 
of  thermodynamics  system  is  considered  step- 
by-step  from  the  nucleation  (fluctuation)  stage 
to  the  growth  (deterministic)  stage  and  then  to 
the  coarsening  (ripining)  stage. 

The  goal  of  the  present  paper  is  applying  the 
MSKT  approach  to  the  problem  of  the 
neutron  stimulated  damage  structure  of  the 
reactor  pressure  vessel  (RPV)  steel.  Most 
damage  caused  by  fast  neutrons  results  from 
the  creation  in  elastic  collisions  of  energetic 
primary  cnock-on  atoms  (PKAs),  for  they  in 
turn  produce  cascades  of  atomic 
displacements. 

A  cascade  produced  by  a  PKA  occupies  a 
region  only  10  nm  across,  yet  within  in  the 
concentration  of  displaced  atoms  may  be  as 
high  an  as  a  few  percent.  A  cascade  of 
displacements  at  the  end  of  collision  phase 
consists  principally  of  a  core  of  vacancies 
surrounded  by  a  mantle  of  the  associated  self- 
interstitial  atoms.  The  kinetic  energy  density 
in  the  cascade  can  be  much  higher  than 
equilibrium  melting  point  of  the  solid,  though 
this  declines  quickly  as  heat  is  dissipated  by 
the  surrounding  lattice.  Nevertheless,  the 
lifetime  of  the  thermal  spike  phase  is  of  the 
order  of  several  ps,  and  it  is  expected  that  this 
should  permit  extensive  atomic 
rearrangements  to  occur  in  the  highly 
disorded  structure. 


The  configuration  of  the  foreign  atoms  in  the 
irradiated  material  is  a  result  of  competition 
between  disorder  due  to  atomic  jumps 
induced  by  nuclear  collisions  (ballistic  jumps) 
and  thermally  activated  reording  due  to  the 
usual  atomic  jumps.  Cascade  stage  has  been 
investigated  by  molecular  dynamics, 
molecular  statistics  and  kinetic  lattice  Monte 
Carlo  simulations  [for  example,  2]  and 
probably  can  be  considered  in  frame  of  the 
spinodal  decomposition  theory  under 
adiabatic  condition  [3], 

Only  after  this  stage  when  temperature  and 
pressure  became  the  constant  ones  the  MSKT 
with  it  correlations  of  the  equilibrium 
thermodynamics  can  be  used.  Foreign  atoms 
diffusivity  increase  in  many  times  due  high 
value  of  the  free  vacancies  concentration. 
Resulting  high  mobility  of  the  point  defects 
and  foreign  atoms  is  a  good  background  of 
the  nanoclusters  formation.  Their  distribution 
on  chemical  content  and  size  effects  on  the 
mechanical  integrity  of  the  RPV  steels. 

Sophisticated  micro-structural  analysis 
methods  like  small  angle  neutron  scattering 
(SANS),  atom  probe  field  ion  microscopy 
(APFIM),  high  resolution  field  emission 
scanning  transmission  microscopy 
(FEGSTEM),  or,  less  direct,  positron 
annihilation  spectroscopy  (PAS)  have  been 
proven  the  existence  of  nanoscale  micro- 
structural  features  in  reactor  pressure  vessel 
(RPV)  steels  after  irradiation  under  typical 
reactor  condition.  Their  size  amounts  to 
approximately  1  to  2  nm  in  the  radius. 

In  RPV  steels  with  high  content  of  copper  Cu- 
rich  precipitates  (CRP)  has  been  detected 
experimentally  and  in  computer  simulation. 
Cluster  dynamics  (CD)  approach  is  used  to 
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obtain  the  size  distribution  functions  (SDF), 
mean  size  Rm,  number  density  (Np)  and 
volume  content  (Cv)  of  the  pure  copper 
clusters  time  dependence  in  the  electron 
irradiated  dilute  FeCu  binary  alloys.  Fluence 
dependence  of  the  Rm,  Nd  and  C.v  values  of  the 
CRP  in  the  neutron  irradiated  RPV  steels  is 
investigated  on  the  nuclear,  deterministic  and 
coarsening  stage  in. 

The  best  way  to  describe  the  experimental 
results  of  low  Cu  steels  is  to  assume  the 
presence  of  the  multi-component  clusters 
(MCC)  consisting  of  Fe,  Cu,  Ni,  Mn,  Mo  and 
other  foreign  atoms  but  also,  probably,  of 
vacancies.  Furthermore  the  evolution  of  stable 
vacancy  clusters  (VC)  is  often  discussed. 
Unlike  to  CRPs  and  MCCs  pure  VC-defects 
can  hardly  directly  be  identified. 
Nevertheless,  simulation  studies  have  been 
shown  their  significance. 

First  in  [4]  it  was  proved  that  VC  can  be 
considered  as  an  ensemble  of  vacancies  in  2 
n-n  or  4  n-n  nearest  locations.  This  approach 
corresponds  to  the  maximum  position  of  the 
pair  distribution  function  in  iron.  Stoller  [4] 
investigated  the  nucleation  stage  of  the  VC 
evolution.  Future  progress  of  this  approach  is 
expected  concerning  the  calculation  of  the 
time  dependence  of  the  VC  radius  and  SDF. 

Our  models  the  CRP  and  VC  evolution 
beginning  at  the  nucleation  stage  and 
finishing  in  the  coarsening  stage.  For  this 
typical  VVER-type  reactor  conditions  are 
considered.  The  results  are  compared  with  the 
results  of  SANS  experiments  which  were 
carried  out  at  specimens  irradiated 

Additonal  to  approach  [4]  the  accounting  of 
the  elastic  interaction  between  VC  and  matrix 
provide  the  stopping  of  the  VC  growth  in  the 
neutron  irradiated  materials  that  correspond  to 
the  experimental  data.  Analytical  it  was  found 
the  possibilty  of  the  small  decreasing  of  the 
VC  radius  under  increasing  of  the  Gdpa 
value.On  the  other  hand  calculated  VC  radius 
at  the  end  of  the  deterministic  stage  smaller 
then  the  experimental  finding  one.  It  points 


out  on  the  necessarity  of  the  more  precise 
determination  of  the  elastic  potential  <E>(£)  first, 
and  second  to  consider  the  visco-elastic  effect 
too. 

The  following  progress  in  the  investigation  of 
the  VC  on  the  coarsening  stage  is  connected 
with  working  out  of  the  more  adequate 
approach  to  find  SDF.  Method  [5]  is  valid  in 
full  measure  for  great  size  of  the  VC  when  the 
linearity  approximation  of  the  Thomas- 
Freundlich  term.  It  is  easy  to  find  analytical 
that  using  of  this  approximation  doesn’t 
produce  the  mistakes  in  the  SDF  values  near 
the  peak  of  it  only.  Other  restriction  of  the  [5] 
approach  to  the  RPV  steels  is  the  life-  time  of 
the  nuclear  power  plants  less  then  time  is 
recommended  for  application  of  it.  Calculated 
SDFs  of  CRP  are  found  closely  to  ones  for 
irradaited  alloy  B  but  not  alloy  A  that  proves 
the  validness  of  our  approach. 

VC  evolution  in  the  nucleation  stage  is 
analysed  on  the  base  of  the  computer 
simulation  according  to  [4],  The  final  data  of 
this  stage  are  taken  for  the  initial  data  of  the 
deterministic  stage.  In  this  stage  elastic 
interaction  between  iron  matrix  and  VC  is 
considered.  For  VC  evolution  in  the 
coarsening  stage  the  Lifshitz-Slezov  approach 
with  an  additional  accounting  of  the  elastic 
effect  is  used.  CD  approach  is  used  to 
investigate  the  CRP  evolution. 
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A  problem  concerned  with  isolation  of  high-level 
wastes  (HLW)  from  nuclear  power  plants  and 
spent  nuclear  fuel  (SNF)  not  subjected  to 
radiochemical  reprocessing  engendered  a  variety 
of  approaches  to  solving  this  problem.  One  of 
approaches  is  SNF  and  FILW  disposal  into  deep 
geological  formations.  This  approach  can  be 
realized  by  different  ways  such  as  HLW 
vitrification,  encapsulating  the  spent  fuel 
assemblies  (SFA)  on  whole  or  their  fragments 
with  applying  diverse  shielding  barriers:  metallic, 
ceramic,  glass-ceramic  etc.  [1-5]. 

Since  the  end  of  the  eighties  of  XX  century  the 
researchers  of  our  Institute  developed  a  concept 
for  encapsulating  RBMK  spent  fuel  assemblies 
with  the  use  of  different  natural  rocks  (mainly  of 
magma  origin)  as  a  source  materials  for  creation 
of  shielding  barriers  [6], 

At  a  level  of  laboratory  technologies  different 
rocks  were  tested  to  create  ceramic  and  glass- 
ceramic  materials  of  protective  immobilizing 
forms  for  HLW  and  shielding  barriers  for  SFA 
encapsulation. 

Preconditions  for  these  experiments  were  R&D 
works,  being  carried  out  successfully  during 
foregoing  years,  on  gasostatic  treatment  of 
different  materials,  gasostatic  pressing, 
development  of  high  gas  pressure  cryogenic 
sources  -  cryogenic  thermocompressors,  and  later 
on  designing  and  manufacturing  half-scale 
commercial  gasostats  for  pressures  (400-600 
MPa)  much  higher  than  commonly  applied  in  the 
industry  (100-150  MPa)  [7-8].  High  gas  pressures 
were  used  for  needs  of  the  aircraft  industry, 
military-industrial  establishment,  radio¬ 
electronics  and  automotive  industry.  In  most  cases 
the  use  of  high  gas  pressures  for  the  high- 
temperature  gasostatic  treatment  (HTGT)  and  hot 
isostatic  pressing  (HIP)  provided  a  significant 
improvement  of  technical  characteristics  of 
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materials  treated.  Particularly,  remarkable  results 
were  gained  during  treatment  of  the  non-ferrous 
castings  (values  of  mechanical  properties  were 
increased  by  a  factor  of  2-2.5). 

The  majority  of  rocks  (granite,  basalt,  gabbro  etc.) 
were  formed  under  conditions  of  high 
temperatures  and  pressures  during  thousand  years. 
On  the  other  hand,  formation  of  clay  materials 
frequently  is  a  final  process  of  fracture  of  the 
rocks  such  as  granite.  Therefore,  application  of 
HIP  with  the  use  of  high  pressures,  at  first  sight, 
was  reasonable  and  necessary. 

The  first  experiments  on  the  hot  isostatic  pressing 
of  magma  rocks  (granite,  basalt)  were  carried  out 
at  a  temperature  not  higher  than  1000°C  and 
pressure  of  working  gas  argon  not  higher  than  80 
MPa.  Because  of  the  incongruent  character  of 
melting  these  rocks  and  the  processes  of 
dissolving  more  refractory  components  in  the 
melt,  it  was  not  succeeded  to  compact  granites, 
basalts  and  gabbro  in  the  solid  phase.  Plagioclases 
(for  example,  albite)  being  melted  at  a  low 
temperature  dissolved  a  part  of  other  rock¬ 
forming  mineral  phases  (a-quartz,  potassium 
feldspars,  mica  and  accessory  materials).  As  a 
result,  the  mass  of  a  material  being  pressed  was 
redistributed  with  volume  decreasing.  A  metallic 
capsule,  in  which  the  rocks  were  subjected  to  the 
HIP  process  in  the  vertical  gasostate  furnace 
along  the  vertical  axis,  took  a  droplet-like  form. 

A  try  to  create,  using  the  HIP  method,  matrix 
materials  based  on  rocks  in  the  form  of  clay 
(kaolin  and  bentonite)  evidenced  on  the  necessity 
of  applying  more  higher  pressures  (up  to  300 
MPa)  in  order  to  obtain  a  high-density  ceramic 
material.  It  was  conditioned  by  the  presence  in  the 
clay  structure  of  13  wt.%  water  (interlayer, 
interplane  and  in  crystal)  liberated  by  heating  up 
to  800  C.  In  cavities  of  the  closed  capsule  with 
the  clay  green”  blank  a  water  vapor  pressure 
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-200  MPa  was  created.  The  carrying  out  of  HIP  at 
a  pressure  less  than  200  MPa  resulted  in  metallic 
capsule  breaking.  It  was  found  that  the  ceramic 
material  with  a  theoretical  density  can  be  obtained 
at  a  pressure  not  less  than  300  MPa.  However,  the 
water  released  from  clay  did  not  enter  back  into 
the  ceramic  material.  The  water  took  place  under 
the  capsule  envelope.  The  use  of  the  powder 
composition  (clay  +  granite)  makes  it  possible  to 
eliminate  this  effect.  However,  a  moisture- 
saturated  glass-ceramic  material  does  not  possess 
a  sufficient  radiation  resistance. 

Therefore  we  have  offered  a  two-stage  method  of 
manufacturing  the  glass-ceramic  material 
enabling  one  to  avoid  these  disadvantages. 
Parameters  of  the  processes  of  manufacturing  this 
material  completely  coincide  with  available 
industrial  values:  temperature  not  higher  than 
1050°C  and  pressure  not  higher  than  100-150 
MPa. 

Using  the  mathematical  simulation  of  the 
processes  occuring  in  glass-ceramics  when 
forming  the  structure  by  HIP  and  subsequent 
cooling  we  substantiated  the  conditions  for 
obtaining  sufficiently  firm  glass-ceramics  and  the 
criteria  for  selection  of  source  rocks  taking  into 
account  the  mineral  composition,  radiation  and 
corrosion  resistance  [9,10,  11]. 

On  a  basis  of  experimental  results  and 
mathematical  simulation  we  have  determined 
more  precisely  the  parameters  of  designing  and 
manufacturing  a  commercial  gasostatic 
installation  for  encapsulating  the  spent  fuel 
assembly. 

REFERENCES 

1 .  Concepts  for  conditioning  of  spent  nuclear  fuel 
for  final  waste  disposal,  Technical  Report 
IAEA,  ser.  No  345,  Vienna,  1992. 

2.  Report  “ABB  atom  and  the  Swedish  methods  for 
management  of  the  fuel  cycle  back  end”,  1991- 
01-03. 

3.  Kedrovsky  O.L.,  Shishits  I. Yu.,  Gupalo  T.A.  et 
al.  Substantiation  of  conditions  for  localization 
of  high-level  waste  and  spent  nuclear  fuel  in 
geological  formations.  Atom.  Energ.,  1991, 
v.70,  No  5,  p.294-297  (in  Russian). 

4.  Gustafson,  Radioactive  waste  management  in 
Sweden  experience  and  plans,  Int.  Conf.  Radio¬ 


active  Waste.  Storage,  Transportation,  Recy¬ 
cling.  Environment  and  Human  Impact,  RF,  S.- 
Peterburg,  14-18  Oct.,  1996,  P12. 

5.  D.A.  Knerht,  Glass-ceramic  waste  forms  devel¬ 
oped  at  the  Idahochemical  processing  plant  for 
immobilizing  HLW  and  actinides,  Int.  Conf. 
Radioactive  Waste.  Storage,  Transportation,  Re¬ 
cycling.  Environment  and  Human  Impact,  RF, 
S.-Peterburg,  14-18  oct.,  1996,  A  25. 

6.  Patent  of  Ukraine  No  25986,  Method  of  fixing 
radioactive  materials.  Kantsedal  V.P.,  Tarasov 
R.V.,  Saenko  S.Yu. 

7.  Lavruk  A.G.,  Linnik  Yu.A.,  Azhazha  Zh.S.  et  al. 
Concept  for  a  gasostat  -  installation  of  hot 
isostatic  pressing  for  encapsulating  RBMK  fuel 
assembly  wastes,  Proc.  14th  Intemat.  Conf.  on 
Radiation  Phenomena  Physics  and  Reactor  Ma¬ 
terials  Science,  12-17  June  2000,  Alushta, 
KIPT,  Ukraine,  p.304-305. 

8.  Lavruk  A.G.,  Linnik  Yu.A.,  Ledovskaya  L.N.  et 
al.  Upgrated  cryogenic  thermocompressor 
KRIT-6M  for  the  closed  cycle  of  the  gasostatic 
installation.  Proc.  14th  Intemat.  Conf.  on  Ra¬ 
diation  Phenomena  Physics  and  Reactor  Materi¬ 
als  Science,  12-17  June  2000,  Alushta,  KIPT, 
Ukraine,  p.  360-361. 

9.  Azhazha  Zh.S.,  Gabelkov  S.V.,  Tarasov  R.V.,  et 
al..  Mathematical  model  of  development  of  me¬ 
chanical  stresses  in  glass-ceramics  under  irra¬ 
diation,  Abstracts  of  Intemat.  Conf.  “Ad-vanced 
ceramics  for  the  third  millenium”,  Kiev,  IPM,  5- 
9  November,  2001 . 

10.  Sayenko  S.Yu.,  Neklyudov  I.M.,  Kholomeev 
G.A.  et  al.,  “Mathematical  simulation  of  heat- 
and  mass-transfer  in  the  geologic  shielding  bar¬ 
rier  after  disposal  of  the  spent  nuclear  fuel”, 
Zhum.  “Yademaya  i  radiatsionnaya  bezopas- 
nost’”,  No  4,  2000,  p.66-72  (in  Russian). 

11.  Sayenko  S.Yu.,  Tarasov  R.V.,  Gabelkov  S.V.  et 
al.  Corrosion  resistance  of  glass-ceramic  matrix 
manufactured  by  the  HIP  method  in  aqueous 
medium.  Proc.  14th  Intemat.  Conf.  on  Radiation 
Phenomena  Physics  and  Reactor  Materials  Sci¬ 
ence,  12-17  June  2000,  Alushta,  KIPT,  Ukraine, 
p.  298-299. 


135 


SECTION  B. 

SCIENTIFIC  FUNDAMENTALS  AND  COMPUTER  MODELS  FOR  THE  PROCESSES  OF  MANUFACTURING 
materials and coatings fqr  operation  IN  HAZARD  CONDITIONS 

FEATURES  OF  A  COMPACTION  KINETICS  OF  POWDER  MATERIALS 
IN  NONISOTHERMAL  CONDITIONS 

Stelmakh  L.S..  Stolin  A.M.(,) 

Institute  of  Problems  of  Chemical  Physics  Russian  Academy  of  Sciences 
Institute  of  Structural  Macrokinetics  and  Materials  Science,  Russian  Academy  of  Sciences, 
Chemogolovka,  Moscow  region,  142432,  Russia 
E-mail:stelm@ism.ac.ru 


Numerically  analized  the  compaction  kinetics  of 
powder  materials  in  nonisothermal  conditions.  For 
studying  the  processes  of  deformation  of  powder 
compressible  materials  the  rheodynatnic  model, 
including  the  equations  of  continuity,  heat 
diffisitivity,  motion,  rheological  rations  is  used.  It 
takes  into  account  the  initial  density  and 
temperature  distributions  in  the  material.  The 
features  of  the  model  is  taking  into  account  the 
transition  from  liquid  state  of  the  material  to  solid 
one  and  the  melting  of  the  material  in  front  of  the 
reaction  zone. 

The  new  features  of  a  nonisothermal  kinetics  of 
compaction  are  established,  which  one  are 
characterized  by  the  following  main  characters  - 
presence  of  an  induction  period,  during  which  one 
the  compacting  does  not  take  place  practically, 
and  capability  of  "explosive"  nature  of 
compaction.  The  carried  out  numerical 
calculations  have  allowed  to  update  a  picture  of 
compacting  in  a  wave  mode  and  to  dedicate  two 
autonomous  processes:  propagation  of  a 
compression  area  in  space  from  a  layer  to  a  layer 
and  compacting  of  a  material  in  compression  area. 

Is  rotined,  that  at  increase  of  an  altitude  of  a 
compressed  sample  there  is  a  continuous 


transition  from  a  regular  mode  to  a  wave  mode  of 
compaction.  In  intermediate  area  on  sizes  the  so- 
called  transitional  modes  will  be  realized,  which 
are  characterized  by  a  wide,  blurred  wave  front  of 
compaction. 

On  the  basis  of  a  numerical  solution  of  a  problem 
about  nonisothermal  compaction  and  cooling  of  a 
viscous  compressible  media  in  the  cylindrical 
chamber  the  analysis  of  influencing  of  the  thermal 
factors  and  geometrical  sizes  of  a  sample  on 
characteristic  times  of  two  autonomous  processes 
is  conducted:  spatial  propagation  of  a  compression 
area  along  a  sample  from  a  layer  to  layer  and 
temporary  extracompacting  of  a  material  in  the 
compression  area.  It  is  revealed,  that  the  effect  of 
slowing  the  induction  period  down  is  increase  on 
remoteness  of  cross-section  of  a  sample  from  the 
migrating  cylinder  piston  and  conditions 
impairment  of  a  thermal  insulation  of  a  sample 
ends.  The  known  earlier  experimental  result  about 
the  presence  of  two  critical  sizes  of  a  sample 
determining  condition  for  obtaining  poreless 
materials  is  affirmed  and  justified. 

This  work  is  supported  by  the  Russian  Foundation 
for  Basic  Research  (RFBR)  (Grant-  01-03-33014) 
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Nowadays  the  ecology  of  an  environment 
demands  for  itself  new  steadfast  attention  and 
understanding  of  the  deep  reasons  of  sharp 
deterioration  of  a  condition  of  the  planet: 
destruction  of  an  ozone  cloud,  earthquake,  war, 
flooding,  sharp  climatic  differences  etc.  It  is  held 
back  deliberately  by  originators  of  the  situations, 
managing  representatives  of  the  leading  states. 
Here  are  infringed  interests  of  the  big  groups  of 
people  which  pursue  the  narrow  own  purposes 
which  in  the  obvious  image  miss  a  problem  of 
improvement  of  an  environment. 

What  does  it  mean  "new  steadfast 
attention"?  It  means  that,  it  is  necessary  to  look  at 
a  status  of  ecological  conditions  not  only  from 
positions  of  without  waste  high  technologies  of 
manufacture,  problems  of  recycling  of  harmful 
waste  products,  nevertheless  proceeding  from  the 
purposes  which  are  formed  in  a  brain  of  the 
person,  i.e.,  his  thinking.  It  is  necessary  to  observe 
pure  ecology  of  thinking  which,  in  turn,  results  in 
pure  harmless  technologies  and  recovery,  thus, 
the  planet  as  a  whole.  The  rough  material  world  is 
dependent  and  closely  connected  to  the  thin  world 
of  thinking,  interaction  of  electromagnetic  fields 
of  both  biological  objects  and  a  lifeless  matter. 

The  unique  LITOVIT’ s  properties  were 
emphasized  in  Ref.  [1].  Now  we  would  add  new 
information  in  particular  about  LITOVIT  "K". 

Wave  LITOVIT’s  characteristics  can 
influence  the  structure  of  a  biological  field  of  the 
person  and  thus  to  change  his  own  wave 
characteristics  which,  in  turn,  influence  a 
condition  of  an  organism  as  a  whole  [2].  In 
particular,  taking  into  account  creative  specificity 
of  the  scientist’s  work  namely  to  improve  a 
brain’s  condition,  to  concentrate  attention  more 
quickly  and  to  improve  memory,  it  is  necessary  to 
use  LITOVIT  "K".  This  preparation  contains 
laminaria  in  addition  to  a  mineral  basis.  The 
optimum  ratio  of  these  components  is  capable  to 
improve  wave  characteristics  of  a  biological  field 
around  of  a  head  of  the  person.  At  significant 
improvement  of  power  parameters  of  a  brain,  it  is 
possibly  for  the  person  to  achieve  significant 


creative  successes  because  in  this  condition  the 
human  body  is  capable  to  perceive  much  more 
information  from  an  environment  as  compared 
with  that  in  a  usual  condition. 

Influence  of  a  human  body  of  one  person, 
in  turn,  changes  a  condition  of  biological 
characteristics  of  people  which  surround  the  given 
person.  If  characteristics  of  a  field  are  big  enough, 
that,  being  rather  long  time  in  a  field  of  such 
person,  it  is  possible  to  change  own  parameters  of 
power.  On  a  physical  level,  it  is  expressed  by 
quieter  condition  of  nervous  system  and  by 
reduction  harmony  of  work  of  some  bodies.  At 
this  condition,  activity  of  internal  bodies  of  the 
person  is  normalized,  in  addition,  disappearance 
of  painful  symptoms  is  observed. 

The  group  of  people  with  similar 
characteristics  is  capable  to  influence  any  process 
in  both  alive  and  lifeless  matters.  The  main  thing 
is  to  coordinate  the  actions  of  these  group. 
Furthermore,  it  is  necessary  to  emphasize  that,  the 
brain  of  the  person  in  positive  extreme  conditions 
is  adjusted  on  positive  creative  force,  creation  of 
the  pure  advanced  technologies,  instead  of  on 
destruction  and  on  improvement  and  manufacture 
of  the  weapon  in  particular. 

As  a  whole  for  safety  of  the  Earth  and 
improvement  of  its  field  characteristics,  in  the 
ideal  case  it  is  necessary  of  50-70  %  of  such 
category  of  people.  They  are  capable  to  change 
wave  characteristics  of  the  Earth.  And  the  content 
of  ionosphere  and  nanosphere  in  particular  will  be 
changed  as  well. 

Such  condition  of  the  Earth  will  result  in 
creation  and  utilization  of  modem  technologies, 
which  being  different  from  modem  one,  carry  in 
itself  pure  creation,  instead  of  destructive  actions 
or  collateral,  negative  elements. 

Nowadays,  advanced  distributing 
technologies  demand  improvement  with  the 
purpose  of  liquidation  of  negative  factors  which 
are  integral  components  at  creation  of  modem 
ways  of  manufacture. 

At  present  the  newest  technologies  which 
do  not  demand  the  further  elimination  of 
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collateral  negative  factors  are  created. 
Nevertheless,  these  technologies  demand  new 
thinking  and  absolutely  new  scientific  approach 
with  respect  to  all  phenomena  in  a  nature  and  in 
particular  to  creation  of  the  world.  They  are  based 
on  such  interactions  which  are  caused  by  torsion 
fields.  Knowing  laws  of  existence  of  torsion 
fields,  it  is  possible  to  create  highly  effective 
technologies.  They  do  not  require  recycling  waste 
products  or  systems  of  clearing  of  air,  ground  and 
water.  They  are  absolutely  non-polluting.  To  use 
these  technologies,  it  is  necessary  to  own 
absolutely  in  another  way  thinking.  This  is  due  to 
the  fact,  the  virtue  of  such  mechanisms 
cleanliness  depends  on  thinking.  These 
technologies  should  work  on  creation  of  harmony, 
instead  of  on  destruction  which  results  in  chaos. 

The  persons  should  possess  their  own 
thinking.  And  if  such  persons  are  capable  to 
supervise  over  the  thinking  they  are  capable  to 
consult  with  emotions  and  own  physical  bodies. 
High  parameters  of  own  biological  fields  are 
inherent  in  such  people.  These  are  people  of  new 
epoch.  Increase  of  their  number  will  result  in  a 


sharp  qualitative  level  of  the  new  relations,  the 
new  technologies,  new  life  on  the  Earth. 

It  will  be  the  change  similar  to  a  chain 
nuclear  reaction.  At  enough  amount  of  such 
people  (critical  weight)  on  the  Earth  there  will  be 
sharp  changes  which  will  capture  all  spheres  of 
life  on  the  Earth,  switching  both  biological 
objects  and  inorganic  life  on  the  planet.  There 
will  be  people  with  pure  both  heart  and  ecological 
thinking.  It  will  be  a  guarantee  of  creation  of  the 
updated  harmless  technologies  and  the  improved 
planet  as  a  whole. 

[1]  Lavriv  L.V.,  Proc.  Int.  Conf.  “Materials  and 

Coatings  for  Extreme  Environments 
Performance:  Investigations,  Applications, 

Ecologically  Safe  Technologies  for  their 
Production  and  Utilization”,  Catsively,  Crimea, 
Ukraine,  2000,  p.  429  (in  Russian). 

[2]  S.M.  Zakirov  and  I.V.  Orzhelsky,  Patent  of 
Ukraine,  No.  UA-34389-A  (pub.  on  15.02.2001) 
(in  Ukrainian). 
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The  study  of  thermal  processes  at  distribution  of 
exothermal  reactions  in  powder  systems 
represents  the  special  practical  interest  in 
connection  with  problems  of  creative  effective, 
energy  inexpensive  technology  of  inorganic 
compound  synthesis  and  functionally  gradient 
materials.  Also  no  minor  importance  is  attach  to 
the  fundamental  aspect  of  a  physicochemical 
interaction  in  reaction  powder  mediums,  bounds 
with  collective  character  of  processes,  which 
appropriate  to  high  level  of  complexity  of 
heterogeneous  systems. 

Dominating  till  now  formal-phenomenological 
approach  [1]  can  not  explain  a  line  of  observable 
phenomena,  to  which  one  concern  occurrence  of 
concentration  waves  and  macroscopic  splashes  of 
temperature  [2],  indicative  about  rather  composite 
differentiating  of  material  and  energy.  Taking  into 
account  a  high  level  of  complexity  of  existent 
processes  at  distribution  of  exothermal  reactions, 
the  most  prime  systems  with  peritectic  character 
of  interaction  are  selected  first  of  all,  where  the 
physicochemical  model  can  be  represent  in  the 
form  of  two-dimensional,  which  taking  into 
account  concentration  modifications  of  one  of 
components  and  temperature.  The  concentration 
of  other  component  is  hardly  constrained  with 
concentration  of  first.  Therefore  in  case  of  melting 
a  low-melting  component  the  kinetic  model  of 
process  can  be  represent  by  a  following  system  of 
two  differential  equations 

c  =  kx{cR  -c)~  k2c  -rjI(T  -TQ) , 

(D 

Ct  =  -kx(cR  -  c)h  +  k2cH  +  g  -  l(T -TQ) , 

(2) 

where  c  -  concentration  of  one  of  components,  Cr  - 
its  equilibrium  concentration  in  a  melt,  k\  and  ki  - 
constants  of  dissolution  and  fusion  reaction 
velocities,  h  -  an  enthalpy  of  solid  component 
dissolution,  H  -  an  enthalpy  of  compound 
formation,  C  -  thermal  capacity,  T  -  temperature, 


To  -  environment  temperature,  /  -  heat  transfer 
coefficient,  g  -  magnitude  of  a  heat  stream. 

The  constants  of  dissolution  and  fusion  reaction 
velocities  generally  are  functions  of  temperature 

k:  =  k0i  •  e  RT  ,  however  by  virtue  of  a  small 

variation  value  5k„  at  high  temperatures  they  can 
be  constants.  If  the  parameters  of  the  equations  (1) 
and  (2)  satisfy  to  an  inequality 

-kx)  <^-(k2H  +  kxh), 

[c  2  ')  C  2 

(3) 

the  solutions  of  a  system  (1),  (2)  are  described  by 
damping  harmonic  functions  of  a  kind 

T(t)  =  PT  +  NTe~a  sin(ctf  +  <pr), 

(4) 

c{t )  =  PC+  Nce~a  sin(<at  +  (pc ) , 

(5) 

where  the  constants  PT,  Pc,  Nr,  K  are  determined 
in  parameters  of  the  equations  and  initial 
conditions. 

The  system  of  equations  (1),  (2)  has  exponential 
solutions  in  case  of  substitute  sign  of  an  inequality 
(3)  for  opposite 

T(t)  =  Pr  +Nvrex''  +N2re*, 

_(6) 

c(t)  =  Pc+Nlcex'‘  +N2cexr 

(7) 

All  constants  in  dependence  (3)  -  (7)  are  concrete 
physicochemical  values,  defining  velocity  of 
dissolution  processes  of  a  solid  component  in  a 
melt,  reaction  rate,  power  of  a  radiant  energy 
stream,  velocity  of  heat  rejection  at  prescribed 
value  of  environment  temperature.  Varying  the 
given  values,  it  is  possible  effectively  to  influence 
modification  of  trajectory  and  concentration  of 
components  and  temperature,  thereby  driving 


139 


SECTION  B. 

SCIENTIFIC  FUNDAMENTALS  AND  COMPUTER  MODELS  FOR  THE  PROCESSES  OF  MANUFACTURING 
_  MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


macroscopic  sintering  processes  and  shaping  of 
structure  FGM. 

The  harmonic  fluctuations  occurrence  (solutions 
(3)  and  (4))  of  temperature  and  concentrations 
reduces  in  a  gradient  medium  to  initiation  of 
temperature  and  concentration  waves,  which  one 
are  found  experimentally  in  work  [2],  The 
obtained  result  practically  dissects  the  true 
physicochemical  nature  of  exothermic  synthesis 
process  in  a  condensed  medium,  where 
temperature  and  components  concentrations  are 
determined  by  collective  interaction  of  four 
processes.  The  represented  model  (1),  (2)  can  be 
put  in  a  basis  of  the  microscopic  theory  of  a 
condensed  medium  off-gas  combustion.  It  is 
obtained  with  a  particular  degree  of  reductions 
and  considers  local  representation,  which  one  can 
be  spread  on  macroscopic  only  in  case  of  systems 


heat  with  peritectic  reactions  to  solid-liquid  state. 
At  the  same  time  considering  a  powder  medium  as 
the  collection  of  local  combustion  sources,  which 
are  described  by  model  (1),  (2),  is  possible 
directly  to  approach  to  a  problem  of  creative  of 
the  macroscopic  physicochemical  theory  of 
condensed  matter  off-gas  combustion. 
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The  results  of  researches  and  developments  of 
new  ceramic  materials,  perspective  for  use  as  the' 
armor  and  also  for  other  adjacent  applications  are 
described.  There  are  the  main  materials  under 
investigation:  Ceramic  and  ceramic  matrix 
composites  (CMC)  on  the  boron  carbide  as  well  as' 
borides  base  (B4C,  B4C  -  MeB2  system,  Me  -  Ti, 
Zr;  TiB2-W2B5,  W2B5,  W2B5-  B4C-  TiB2  ); 
Ceramic  and  CMC  on  the  silicon  carbide  base 
(SiC,  SiC-  MeB2);  Ceramic  materials  on  the 
nitrides  base  (TiN,  TiN-AIN);  Laminated  ceramic 
composites:  Composites  on  the  Ti  base,  produced 
by  SHTS-process. 

The  investigations  were  fulfilled  in  the  the 
following  directions: 

-Development  of  physical  and  chemical 
principles  of  selection  of  the  components  of 
heterogeneous  materials  based  on  refractory 
compounds; 

-  Calculations  and  experimental 

determinations  of  the  internal  stresses  fields 
in  ceramics  and  CMC; 

-  Optimazation  of  the  structural  and  streses- 
strain  state  of  the  CMC  by  using  a  proper 
termo-mechanical  model  of  CMC. 

Researches  of  fracture  and  deformation 
under  contact  loading,  the  contact  strength 
determination. 

Researches  of  ballistic  properties 

Developments  are  concentrated  in  the  following 
directions: 

•  light  armor  ceramic  plates 

•  materials  for  armor  and  radiation 
protection  simultaneously 

•  materials  for  adjacent  applications  (wear- 
resistant,  ceramics  for  high  temperature  ) 

In  all  practical  actual  development  programs, 
ceramics  are  not  a  single-phased,  but  represent 
some  form  of  ceramic  matrix  composites.  Elastic 
interaction  of  phases  at  temperature  and  pressure 
changes  during  production  and  under  external 
thermo-mechanical  effects  results  in  a  complex 
stress-strain  state  of  a  material,  which  determines 
the  features  of  its  mechanical  behavior.  The 
thermo-mechanical  approach  to  the  problem  of 


optimization  of  composition  and  structure  of 
composites,  as  well  as  distribution  of  internal 
stresses  is  described. 

An  analysis  of  penetration  resistance  of  these 
materials  was  performed  using  the  modified 
Alekseevskii-T  ate  model  for  nonstationary 
penetration  of  long  rods  into  targets.  This  model 
describes  both  initial  and  primary  penetration  into 
target.  In  accordance  with  the  components  of  the 
main  model’s  equation,  total  resistance  to 
penetration  is  decomposed  into  three  components, 
which  can  be  conditionally  called  static  R, 
kinematic  pk  and  dynamic  pd  Here  R,  has  the 
usual  sense,  pk  depends  on  penetration  velocity, 
and  pa  is  associated  with  acceleration  and  cavity 
expansion.  Relative  contributions  of  those  are 
different  and  varying  during  the  penetrator  — 
target  interaction.  Kinematic  and  dynamic 
components  are  short-lived  and  affect  only 
nonstationary  phase,  while  long-term  resistance  is 
defined  by  static  component.  In  accordance  with 
the  accepted  model,  the  value  R,  is  defined  by  the 
system  of  elastic  and  strength  characteristics  of 
target  material:  p,  E,  v,  Y,  af,  etc.,  while  values  of 
pk  and  pd  depend  not  only  on  target  properties,  but 
also  on  projectile  parameters.  Resistance  to 
penetration  was  characterized  by  the  penetration 
work  per  the  unit  volume  of  penetrated  material: 
"penetration  hardness"  HP=  1/P  JpcdP  (P  —  depth 
of  penetration,  p0  -  contact  pressure),  where  pc 
and  P  are  taken  from  the  model  of  nonstationary 
penetration.  In  the  case  of  brittle  material,  the 
comminuted  (pulverized)  zone  is  formed  in  the 
contact  area  as  a  result  of  multiple  fragmentation 
and  value  Y  is  defined  by  the  strength 
characteristics  of  material  and  is  obviously  close 
to  strength  limit  under  compression.  If  under 
impact  radial  cracks  are  formed  outside  the 
comminuted  zone  then  their  formation  must  be 
defined  not  by  material's  tensile  strength  but  by 
«tensile  contact  strength»  of  material.  The 
technique  of  contact  strength  measurement  is 
presented. 

The  mechanical  and  service  properties  of  new 
materials  are  given  and  a  prognosis  of  their 
ballistic  properties  is  provided. 
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JIohko  B.A.,  Kyjieni  K).A.,  KaiaKCBHM  ^.A. 

Hhcthtyt  nopouiKOBoft  MeTajuiyprHH  Bejiapycw,  Mhhck,  Eejiapyct 


B  HacTOHinee  BpeMH  ruia3MeHHO-BaKyyMHbie 
noKpbiTMB,  nojiyMeHHbie  KOHAeHcauHen  c  hohhoh 
60M6apZlHp0BK0H,  n03B0AHCT  HC3HaHHTeAbH0 
yBeilHHHTb  CTOHKOCTb  AeTaAen  H  HHCTpyMeHTa. 
Ilpoueccy  njia3MeHHO-BaKyyMHoro  HaneceHHH 
y  rrpoMHB  lomnx  noKpbiTHH  xapaKTepeH  npe- 
HMymecTBeHHbiH  pa3orpeB  b  npouecce  hohhoh 
ohhctkh  BbicTynaiomHx  3/ieMeHTOB,  a  Taxxce 
ornycK  KpOMOK  npn  HHTerpajibHOH  TCMnepaType 
MaTepna^a,  3HanHTeAbH0  6onee  hh3koh.  neM 
TeMnepaTypa  OTnycxa.  HeKompoAnpyeMbin 
pa3orpeB  jjeTarm  b  npouecce  HaHeceHHH 
ima3MeHH0“BaKyyMHbix  noKpbiTHH  o6bHCHHercH  b 
OCHOBHOM  BbICOKHM  (AO  50  %)  H  He 

nOAA&FOtUHMCfl  KOHTpOAK)  B  06bIHH0M  npOUCCCe 
coAepacaHHeM  pacrmaBJieHHbix  nacTHu  (xaneAb 
Merajuia  KaTOAa),  CHHxcaiomHx  h3hococtohkoctb. 
Oca>KACHHe  pacnjiaBneHHbix  nacTHu  Ha  yn- 
pOHHHeMyK)  nOBepXHOCTb  ACTajIH  He  TOAbKO 
npHBOAHT  K  ee  neperpeBy  h  pa3ynpoHHeHHK>,  ho  h 
4>OpMHpOBaHHK>  B  CJlOe  H  Ha  nOBepXHOCTH 
BKJiiOHeHHH  MeTajuia,  cymecTBeHHo  yxyAinaioLunx 
yCAOBHB  TpeHHB  H  yCHAHBaiOIUHX  aAre3HOHHbIH 
H3HOC. 

Peuiemie  yKa3aHHbix  Bbiuie  npoSiieM 

B03M0ACH0,  eCAH  CBeCTH  K  MHHHMyMy  HAH 
HCKAIOHHTb  pa3ynpOHH5IIOmee  B03AeHCTBHe 
nOTOKOB  MeTaAAHHeCKOH  nAa3Mbl  Ha 
noBepxHocTHbie  caoh  MaTepnaAa.  riooTOMy, 
aKiyaAbHbiM  hbaactch  H3yneHHe 

3aKOHOMepHocTeH  cj)opMHpoBaHHA  6ecKaneAbHbix 
BaxyyMHbix  3AeiapoAyroBbix  noKpbiTHH. 

B  AaHHofl  pa6oTe  HCCAeAOBaAocb  bahahhc 
(})H3HMeCKHX  H  nOBepXHOCTHbIX  XapaKTepHCTHK 
pacxoAyeMoro  KaTOAa,  a  Taioxe  napaMeTpoB 
3AeKTpOAyroBoro  ncnapeHHH  b  BaxyyMe  Ha 
(j)0pMHp0BaHHe  (})a30Boro  cocTaBa  nAa3MeHHoro 
nOTOKa  C  HH3KHM  COACp>KaHHeM  HeHTpaAbHbfX 
HacTHu  (pacnAaBAeHHbix  KaneAb  h  napoB  mctbaab 
KaTOAa). 

Ha  OCHOBaHHH  OUeHOHHbIX  H3MepeHHH 
cocTaBa  nOTOKa  nAa3Mbi  h  3HeprHH  hohob  h  Toxa 
AyroBoro  pa3pAAa  noAyneHbi  3aBHCHM0CTH  oceBOH 
F1AOTHOCTH,  3apflAOBOrO  COCTaBa  H  CpeAHeH 
3HeprHH  HOHHOH  KOMnOHeHTbl  nAa3MeHHoro 
noToxa. 


BbiAo  ycTaHOBAeHO  bahhhhc  Ha  cj)a30BbiH 
cocTaB  nna3MeHHoro  nOTOKa  TenAocj)H3HHecKHx 
xapaKTepHCTHK  MaTepHAa  pacxoAyeMoro  KaTOAa, 
TeMnepaTypw  ruiaBAeHHH  h  TenAonpoBOAHOcTH, 
HHTerpaAbHOH  TeMnepaTypbi  pacxoAyeMoro 
KaTOAa,  AaBAeHHA  h  cocTaBa  ra30B0H  cpeAbi  b 
BaxyyMHOH  KaMepe,  coctohhhh  h 
MHKporeoMeTpHH  nOBepXHOCTH  pacxoAyeMoro 
KaTOAa,  HaAHHHH  H  HanpH>KeHHOCTH  BHeiliHerO 
aKcnajibHoro  k  nOBepXHOCTH  pacxoAyeMoro 
KaTOAa  MarHHTHoro  noAH. 

ripoBeAeHHbie  HccAeAOBaHHA  Taroxe 

noxasaAH,  hto  (J)opMHpoBaHHe  na  nOBepXHOCTH 
pacxoAyeMoro  KaTOAa  (J)H3HHecKH 

aACopSnpoBaHHbix  npHMeceH  cymecTBeHHo 
cHH^caeT  coAepxcaHHe  MHKpoKaneAbHon  h 
MaKpoxaneAbHOH  KownoHeHTbi  nAa3MeHHoro 
noToxa  BCAeACTBHe  6oAee  bbicokoh  TeMnepaTypbi 
riAaBAeHHH  yKa3aHHbix  npHMecen.  BbiHBACHa 
3aBHCHM0CTb  (J>a30Boro  cocTaBa  noBepxHocTHoro 
caoh  3AeKTpoAyroBoro  noKpbiTHH  ot 
npOAOA>KHTeAbHOCTH  HOHHOH  OHHCTKH  H 

B3aHMOCBH3aHHOH  c  Hew  TeMnepaTypon 
nOAAO/KKH. 

Pe3yAbTaTbI  BbinOAHCHHOH  HayHHOH 

paGoTbi  6yAyT  npHMeHeHbi  npn  pa3pa6oTKe  hobwx 
nAa3MeHH0~BaKyyMHbix  npoueccoB  HaHeceHHH 
6ecKaneAbHbix  4>yHKuwoHaAbHbix  noKpbiTHH  h 
yCTpOHCTB  AAH  peaAH3aUHH  3THX  npoueccoB. 


142 


SECTION  C. 

ADVANCED  TECHNOLOGIES 
FOR  PRODUCTION  AND 
JOINING  MATERIALS  AND 
PRODUCTS  FOR 
OPERA  TION  IN  HAZARD 
CONDITIONS 


SECTION  C. 

ADVANCED  TECHNOLOGIES  FOR  PRODUCTION  AND  JOINING  MATERIALS  AND  PRODUCTS  FOR  OPERATION 

IN  HAZARD  CONDITIONS _ 


THE  USAGE  OF  THE  COMBINED  INFLUENCE  OF  THE  BIG  PLASTIC 
DEFORMATIONS  FOR  THE  OBTAINING  OF  THE  ULTRADENSE  AND 
ULTRAFIRM  BLANKS  FROM  THE  POWDER  MATERIALS 

Perelman  Vladimir,  Zubro  Svetlana 

Moscow  Institute  of  Fine  Chemical  Technology  named  after  M.  Lomonosov,  Moscow,  Russia 


The  report  considers  some  aspects  of  the  influence 
of  big  deformation  combinations  on  the 
heterogeneous  materials’  structure  and 
characteristics. 

The  most  of  mediums  subjecting  to  pressure 
treatment  posses  evident  or  non-evident 
characteristics’  heterogeneity.  As  a  rule,  inside 
these  kinds  of  mediums  the  shears  go  along 
uneven  sliding  surfaces.  The  value  of  medium 
deflection  of  sharing  micro-grounds  from  main 
direction  of  sliding  surfaces  determines  the  level 
of  deformations’  influence  upon  the  structure  and 
characteristics  of  material.  Under  the  big  enough 
shrinking  tensions  (and  only  under  such  tensions 
big  deformations  are  possible)  the  shears  lead  not 
to  defects’,  rise  and  accumulation  (micro-cracks, 
micro-pores,  etc.)  but  to  breaks’  smoothing  on  the 
sliding  surfaces.  After  finishing  of  this  process  the 
possibility”  of’  deformations’  effect  upon  the 
materials’  structure  and  correspondingly  upon  the 
characteristics  disappears. 

The  effect  of  “deformation’s  localization”  is  the 
second  factor  limiting  the  big  influence  of 
deformations  upon  the  materials’  structure  and 
characteristics.  In  this  case  the  deformation  goes 
only  along  some  narrow  sliding  zones  and  does 
not  spread  upon  the  whole  materials’  volume.  The 
Dr  Pice’s  gives  detail  enough  basis  of  this 
process.  It  depicts  the  critical  conditions  under 
which  forming  correlation  of  plastic  flow  assume 
bifurcation  of  homogeneous  or  smoothly  changing 
deformation  with  very  much  localized  sliding 
zone.  The  main  hypothesis  runs  that  the 
localization  of  deformations  may  occur  in 
mediums,  which  equations  of  keeping  balance  of 
material’s  element  are  hyperbolic.  It  means  that 
they  have  characteristics  along  which  the  fields  of 
velocities  and  tension  bear  breaks.  Materials’ 
plastic  shares  are  known  being  described  with 
equations  in  particular  derivatives  of  the  second 
order  (plane  task)  of  hyperbolic  type.  There  is 
enough  quantity  of  data  confirming  the  existence 
of  the  localized  sliding  zones  not  only  on  the  stage 
of  the  material’s  destruction  (Chernov  -  Luder’s 
line)  but  on  the  stage  of  its  consolidation,  too. 


These  two  above  mentioned  factors  restricts  the 
possibilities  of  technologies  which  set  their  aim  as 
an  object  of  gaining  the  high  degree  of 
transformation  of  materials  under  processing  by 
big  deformations  as  considerable  volumes  of  the 
material  inside  the  grating  formed  by  the  system 
of  the  sliding  zones  do  not  get  the  required  levels 
of  deformation  for  the  structures’  changing.  These 
restrictions  can  be  overcome  by  the  combined 
influence  of  the  different  type  of  deformations 
upon  the  mediums  under  processing. 

The  correct  choice  of  the  deformation  types’ 
combinations,  their  succession,  etc.  allow  to 
destroy  “frame”  of  the  smooth  sliding  surfaces, 
get  the  new  system  of  non-smooth  sliding*surfaces 
and  with  the  help  of  these  factors  provide  the 
more  fool  processing  of  the  whole  material’s 
volume. 

The  following  data  have  been  received  on  the 
pressings  from  powders  of  the  plastic  and  firm 
materials.  These  are  the  mediums  with  strongly 
marked  heterogeneous  characteristics  (fractions, 
inter-fractions  borders  and  pores).  It  allows 
watching  the  processes  inside  the  structurally 
heterogeneous  mediums  exposing  the  combined 
influence  of  the  big  deformations  of  the  different 
types. 

The  schemes  of  the  immersion  were  used  for  the 
fulfillment  of  the  investigations.  It  allows  not  only 
providing  of  the  combination  of  different  types’ 
deformations,  but  also  regulating  of  the  degree  of 
the  materials’  deformation,  repeatedly  changing  of 
the  direction  of  one  or  two  deformations  in  the 
combination  with  the  effect  of  the  applied  body.  It 
also  allows  creating  of  the  required  temperature 
rate  in  the  processing  material  by  the  controlling 
the  deformation  velocity. 

The  method  of  Staged  Changing  of  Pressing 
(SCP)  provides  the  permanent  pressure  of  the 
material  along  the  axle  direction,  cyclical  share  in 
two  directions  along  the  horizontal  plane  and 
pressure  following  this  share.  The  pressure  is  the 
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expansion  of  the  material  along  the  orthogonal  to 
the  axle  of  pressing  direction. 

The  comparable  pressures  of  pressing  the  SCP 
method  gives  1 5%  density  increase.  The  effect  of 
the  additional  density  increase  is  more 
considerable  and  reaches  20  -  25%  while  pressing 
super-dispersion  nickel  powder  (60nm). 

Pressing  method  (International  Application 
PCT/IL97/00196)  combining  the  sharing  and 
twisting,  represents  a  rather  flexible  scheme.  It 
allows  the  wide  spectrum  of  the  influence  upon 
the  material  by  choosing  the  inline  angles  of  the 
matrix’  channels,  their  longitudinal  profiling, 
choosing  of  the  material’s  volume  of  feeding  for 
one  revolution  and  also  by  changing  the  sign  of 
the  deformation  transmitted  to  the  material. 

The  following  results,  gained  on  long  rods  of 
30mm  in  diameter,  defines  the  potentialities  of  the 
method: 


-  Iron  powder  is  packed  to  99  -  1 00%  and  the 
pressing  gains  24  -  27HRS  destiny; 

-  Chromium  Electrolytic  powder  (of  scales  of 
5  -  7mm  in  diameter)  with  0,5%  content  of 
oxygen  and  24  27  HRC  density  of  scales  is 
packed  to  99  —  100%,  the  same  as  iron 
powder  does  (fig.  1 ); 

It  is  possible  to  make  the  integral  rod  from 
the  materials  different  in  composition  and 
also  the  combination  of  the  powder  material 
with  the  casting  metal  (fig.2). 

Conclusion:  the  results  of  the  investigations 
showed  that  combined,  of  different  signs  and 
directions  influence  of  big  deformations  upon  the 
pressing  material  allows  gaining  the  practically 
compact  material  with  the  high  level  mechanical 
characteristics  from  the  hardly  pressing  powder 
compositions  and  even  from  the  powders  of  the 
hard  and  brittle  materials  by  the  repeated 
distractions  creating  in  structures’  processing. 
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In  most  cases  technological  processes  of 
powder  metallurgy  occur  under  conditions,  that  are 
far  from  equilibrium.  Non-  equilibrium  of 
processes  occurring  in  powder  systems,  admits  the 
existence  of  excess  free  energy,  which  is  necessary 
for  accumulating  to  a  greater  extent  and  directing 
toward  processes  of  obtaining  materials.  The 
powder  metal  mixes  with  compounds  of  various 
physico-chemical  nature  have  the  greatest  free 
energy  excess.  These  compounds  or  the  products  of 
their  interaction  with  a  metal  matrix  determine 
functional  properties  of  materials.  In  such  systems 
the  gradient  of  concentration  causes  excess  of  free 
energy  and  significant  thermodynamic  non¬ 
equilibrium  of  the  system  respectively.  Under 
diffusion  homogenization  with  the  inter-diffusing 
atoms  of  different  elements  some  flows  of  matter 
of  various  intensity  arise.  It  causes  the  appearance 
of  excess  vacancies  in  diffusion  zone,  compressing 
stresses,  dislocations  and  related  processes, 
resulting  in  collective  effects.  In  addition  to 
cooperative  interaction  in  multy-flow  diffusion 
system  the  chemical  reactions  make  the  whole 
physico-  chemical  process  more  complex.  The 
whole  system  and  the  interactions  in  it  has  a  mark 
of  synergetic  effects  peculiar  to  reactionary 
sintering.  The  interest  in  reactionary  sintering  with 
development  of  high-energy  methods  of  obtaining 
composite  materials  (Dynamic  Hot  Pressing,  Hot 
Pressing,  Hot  Stamping,  Pressing  by  explosion, 
etc.)  has  slightly  decreased.  However,  recently  in 
the  context  of  development  of  non-equilibrum 
thermodynamics,  synergetics  and  also  in  view  of 
necessity  of  search  for  low  power-  consuming 
technologies,  the  reactionary  sintering,  probably, 
will  become  one  of  the  basic  methods  of  obtaining 
the  new  class  of  materials.  It  is  necessary  to  pay 
attention  to  its  specific,  technological  and  functional 
potentialities. 

During  the  sintering  of  diffusion-  reactionary 
coarse-dispersed  systems  based  on  vanadium  the 
facts  of  active  condensation,  autodispersion  of 


structure  and  initiation  of  dynamic  character  of 
stability  are  fixed[l,2].  The  detailed  research  of 
mechanisms  of  active  sintering  in  such  systems 
allowed  to  establish  that  in  the  given  area  of 
concentration  and  controlled  parameters  (constants 
of  speed,  diffusion  coefficients,  volume  share  of 
constituents  in  a  metal  matrix)  there  appeared 
processes  of  the  non-linear  interaction  causing 
given  character  macrobehaviour  (increase  or 
shrinkage). 

The  non-linear  character  of  interaction  may  occur  in 
greater  part  in  diffusion  -  reactionary  systems 
based  on  titanium  with  carbides  of  transition  metals 
of  IV-  VII  groups  because  of  its  high  affinity  to 
carbon.  Besides,  titanium  forms  a  continuous  series 
of  solid  solutions  with  the  majority  of  metals  of 
these  groups.  Electrolitic  titanium  powders  with 
the  100-200  microns  particle  size  may  exhibit  low 
activity,  so  macroscopic  effects  at  sintering  may  be 
present  to  a  greater  extent  owing  to  processes  of 
diffusion-reactionary  interaction.  Addition  of 
carbides  of  transition  metals  up  to  20  vol.  % 
increases  essentially  the  shrinkage  and  lowers  the 
sintering  temperature.  Carbides  of  transition  metals 
of  VIA  group  activate  processes  of  sintering  most 
effectively.  Thus  the  increase  of  the  volume  content 
of  carbide  results  in  increase  of  shrinkage  of 
samples.  In  most  cases  volume  changes  (shrinkage)- 
sintering  temperature  relationships  have  a 
maximum.  With  increase  in  the  sintering 
temperature  the  volume  shrinkage  decreases. 
Electron-microscopic  researches  allowed  to  find 
out  the  area  of  carbide  interaction  with  a  titanium 
matrix.  Thus  the  transition  metal  forming  the  initial 
carbide,  is  partially  dissolved  in  a  titanium  matrix, 
forming  a  5-15  microns  zone  of  interaction.  The 
stable  coarse-dispersed  structure  with  carbide 
patches  ,  strongly  bonded  with  a  titanium  matrix 
through  a  transition  layer  of  complex  compounds  is 
fixed.  In  this  way  the  application  of  any  metal 
carbide  of  IV-VIA  groups  as  ingredient  of  powder 
compositions  makes  it  possible  to  activate 
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effectively  the  sintering  processes  of  materials,  and  service  characteristics  of  the  developing 

based  on  titanium  and  the  choice  of  compound  of  composition, 

one  kind  or  other  is  dependent  only  on  functional 


1150  1200  1250  1300  1350  1400  T,°C 

Fig.  Dependence  of  volume  shrinkage  during  sintering  of  compositions  Ti-WC  (1) 
Ti-C^C^  (2),  T  i-TiC  (3),  Ti-VC  (5  )  and  Ti  (4)  on  temperaturez 
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Carbon  and  graphite  materials  have  unique 
physical,  chemical  and  mechanical  properties  and 
are  used  when  we  need  characteristics  such  as 
high-temperature  resistance,  electro  conductivity, 
resistance  for  aggressive  media,  low  density  at  a 
high  mechanical  strength  and  elasticity.  That  is 
why  they  are  widely  used  in  the  modem 
engineering.  All  producers  of  carbon  and  graphite 
are  working  on  the  improvement,  of  their 
materials.  Such  research  is  also  carried  out  in 
NSC  KIPT.  For  example  there  was  worked  out 
graphite  bond  by  the  pyrocarbon  (GBP)  that  has  a 
wide  range  of  unique  properties:  high  density, 
mechanical  strength,  low  open  porosity  and 
extremely  high  radiation  stability  [1,6].  But  the 
most  of  the  high  quality  industrial  graphites  as 
well  as  graphite  GBP  have  a  high  cost  and  the  cost 
of  the  final  products  is  increased  due  to  the 
material  losses  at  machining. 

To  increase  the  competitiveness  of  our  materials 
by  the  method  of  decreasing  their  cost  we  have 
formulated  and  realized  the  principle  of 
production  «to  a  size».  The  essence  of  this  method 
is  in  the  fact  that  blanks  are  produced  with  the 
minimal  machining  allowance  or  even  without 
machining.  Besides  that  the  greatest  part  of  our 
products  for  example  crucibles  has  a  modular 
construction  that  allows  decreasing  material  losses 
[2]- 

To  realize  the  production  principle  «to  a  size»  in 
case  of  graphite  GBP  items  we  have  developed  a 
unique  method  of  blanks  forming.  Graphite 
powder  is  used  as  a  raw  material  at  GBP 
production.  This  powder  is  appeared  while 
machining  and  is  collected  in  the  special  traps  in 
exhaust  ventilation.  The  traps  have  such 
construction  that  graphite  powder  is  automatically 
sorted  by  fraction.  Above  that  we  collect  the 
powder  from  machine  pallets  while  producing 
carbon  and  graphite  items.  This  powder  has  the 
largest  particles  grain  that  can  achieve  several 
millimeters.  For  experiment  conduction  we  have 
produced  special  lots  of  powder  of  industrial 
graphite  EG-0  and  ARV.  According  to  the 


requirements  of  the  products  we  chose  the 
appropriate  fraction  of  graphite  powder. 

We  have  selected  a  usual  sugar  as  a  binder.  It 
more  than  on  99,7  %  consists  from  sucrose. 
Sucrose  belongs  to  a  large  class  of  natural  organic 
substances  called  as  carbohydrates  (compound  of 
carbon  atoms  and  molecules  of  water)  with  the 
general  formula:  Cm  (H20)n.  This  class  includes 
sugars  more  or  less  sweet  on  taste  such  as 
monosaccharides  (for  example,  glucose  and 
fructose),  and  oligosaccharides  (for  example, 
sucrose),  and  also  polysaccharides,  (for  example, 
cellulose  and  starch). 

Sucrose  (a  reed,  beet  sugar)  is  a  disaccharide  with 
the  general  empirical  formula  C12H22O11  and 
consists  of  two  equal  parts  of  monosaccharide:  d- 
glucose  and  d-fructose.  These  monosaccharides 
connect  each  other  by  glucose  groups:  glucose  in 
an  a-configuration  and  fructose  in  a  b- 
configuration.  In  a  sucrose  molecule  glucose  is  in 
the  form  of  pyranose  (pyrane  ring),  and  fructose  is 
in  the  furanose  form  (furane  ring  (Jjypana).  A 
sucrose  molecular  mass  is  342,296.  It  contains 
42,1 1  %  of  carbon,  6,43  %  of  hydrogen  and  51,46 
%  of  oxygen. 

Sucrose  is  a  crystalline  substance,  which 
molecular  structure  has  a  natural  for  it  special 
lattice.  A  density  of  a  sucrose  crystal  without 
inclusions  at  20°C  is  1,5915  g/ccm,  specific 
volume  is  0,628  ccm.  It  melts  at  the  temperature 
of  186-1 88°C,  a  so-called  "caramelization"  of 
sucrose  or  formation  of  a  complicated,  painted  in 
a  brown  color  substances  of  a  bitter  taste  takes 
place  [3]. 

Sugar  powder  was  milled  in  a  porcelain  mill  by 
the  steel  balls  up  to  the  fraction  commensurable 
with  the  fraction  of  the  graphite  powder-filler. 
While  milling  a  graphite  powder  was  added  in  a 
proportion  of  1:1  to  avoid  sugar  balling  and 
decrease  milling  time.  Milling  degree  was 
controlled  by  taking  the  probes  and  calibrated 
sieving.  After  milling  the  rest  part  of  a  graphite 
powder  was  added  and  the  compound  was  mixed 
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in  the  same  mill.  The  final  mixture  contains  20  % 
of  a  sugar.  This  ratio  was  selected  experimentally 
and  allows  on  the  one  hand  to  make  performs  with 
the  necessary  mechanical  strength  and  on  the 
other  hand  after  heat  treatment  the  coal  residual  of 
sugar  is  minimum  and  does  not  render  essential 
influence  to  a  perform  properties. 

For  performs  shaping  we  used  paper  forms  that 
burn  out  at  carbonization.  Carbonization  was 
carried  out  at  the  atmosphere  of  the  natural  gas  at 
the  temperature  of  900  °C.  The  achieved  performs 
have  all  the  necessary  properties  for  the  further 
gasphase  densification:  they  have  a  sufficient 
electrical  conductivity,  appropriate  dimensions, 
mechanical  strength  and  open  porosity. 

Thermal  gradient  gasphase  methods  of  a  porous 
media  densification  by  pyrocarbon  with  a  resistive 
heating  that  were  worked  out  in  NSC  KIPT  were 
used  for  performs  densification  [4-5].  Density, 
open  porosity  and  mechanical  strength  of  the 
produced  materials  were  tested. 
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Using  this  method  we  have  produced  the  items 
with  the  maximum  dimensions:  length  900- 
1000  mm,  diameter-  — 150  mm.  The  maximum 
density  of  these  items  was  1.9-1.95  g/ccm  at  an 
open  porosity  2-3  %. 

As  it  was  earlier  mentioned  the  mechanical 
strength  of  the  produced  materials  was  tested.  For 
this  aim  samples  with  a  diameter  of  5  mm  and 
length  of  1 0  mm  were  cut.  Tests  were  carried  out 
on  a  tearing  machine  P05  with  the  maximum  load 
of  500  kg.  To  compare  the  results  we  have  also 
prepared  large  samples  with  the  diameter  of  10 
mm  and  length  of  20  mm.  These  samples  were 
given  for  tests  to  an  independent  expert.  The 
results  of  the  tests  are  given  in  a  table  1 . 

As  one  can  see  from  the  given  data  the  produced 
materials  have  high  consumer  properties. 
Mechanical  strength  of  these  materials  exceeds  in 
several  times  the  strength  of  the  high  quality 
industrial  graphite. 

Tabl.  1. 
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Mechanical  strength  of  the  samples  on  the  basis  of  ARV  graphite  powder. 


Samples 

Breaking  point  at 
compression ,  MPa 

Breaking  point  at 
compression ,  kg/cm2. 

av  max  min 

av  max 

min 

05  mm.  H=10  mm 

236,13  266,21  202,573 

2408,487  2715,325 

2066,2 

010  mm.  H=20  mm. 

260,53  293,34  229,682 

2657,433  2992,113 

^2342,8 
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A  great  demand  is  now  observed  on  the 
worldwide  market  in  carbon  threads  and  materials 
produced  of  viscous  threads.  This  is  associated, 
firstly,  with  the  reduction  of  their  production  for 
engineering  composite  materials  of  military 
application,  because  of  failed  attempts  to  achieve 
high  values  of  strength  and  Young  modulus.  In 
these  areas,  carbon  fibers  prevail  in  manufacturing 
and  consumption,  as  produced  of  polyacrylic 
(PAN)  and  pitch-based  fibers,  secondly,  because 
of  closing  of  some  plants  producing  viscous, 
which  use  primarily  wood  of  conifers  and  foliates. 
Here,  some  ecological  factors  play  a  role,  such  as 
cutting  out  forests,  chemical  treatment  of  wood, 
etc. 

A  great  significance  was  recently  attached  to  the 
following  applications  of  carbon  fibers  and 
materials,  for  which  primarily  importance 
acquires  non-engineering,  heat  insulation 
properties,  chemical  and  radiation  resistance, 
sorptive  capacity,  etc. 

The  hydrated  cellulose  precursor  carbon  fiber 
costs  between  USD  80  and  1 1  OS/kg  in  the  market. 
For  comparison,  the  costs  of  carbon  fibers  of  PAN 
precursor  have  been  lowered  for  last  years  and 
now  reach  $40-70/kg  depending  on 
physical/mechanical  characteristics  and  delivery 
volume. 

A  rather  great  demand  is  observed  in  market  in 
carbon  fabrics  of  functional  application  (resistive, 
filtering,  screening,  sorbents,  electrodes,  etc.). 
They  are  produced  of  hydrated  cellulose  (HC) 
fibers,  while  tailoring  of  their  structures  and 
consumer’s  properties  is  determined  primarily  by 
the  properties  of  initial  HC  fibers,  degree  of 
carbonization,  pattern  of  interlacing,  areal  density 
of  the  initial  HC  and  fabric,  and  finite  product. 

Due  to  the  reduction  of  the  volume  of  output  of 
carbon  fabrics  of  HC  precursor  because  of  the 
reduction  of  their  use  as  reinforcements  for 
composites  for  missile  application  ,  demands  and 
proposals  have  been  reduced  in  market.  Besides, 


the  ecological  factor  has  played  a  certain  role  in 
this  concern. 

Having  such  unique  properties  as  high  corrosion 
resistance  in  aggressive  media  (gases,  vapors, 
fluids),  filtering,  resistive,  electromagnetic  wave 
protective  and  other  useful  properties,  these 
fabrics  become  the  major  functional  element  in 
the  filters,  heaters,  screens,  etc.  to  be  used  in 
industry,  building,  medicine  and  other  areas. 
Producers  of  the  following  materials  and  products 
are  among  the  potential  customers  of  carbon 
fibers  made  of  hydrated  cellulose: 

carbon-carbon  composite  materials  (aircraft 
brakes,  etc.); 

electrical  thermal  equipment  (vacuum,  and  in 
protective  medium); 

filters  for  hot  gases,  vapors  or  aggressive 
media  in  chemical  and  petroleum  industries; 

reinforced  composite  materials  based  on 
polymers  for  the  use  in  processing  units  of 
chemical  and  other  productions,  sliding  bearings, 
stuffing  boxes; 

clothing  for  protection  against 
electromagnetic  radiation; 

electrically  heated  systems  for  medicine, 
building  erection,  agriculture,  tourism  and 
recreation  industries; 

products  of  medical  application  -  napkins  for 
therapy  of  bums  and  wounds,  sorbents, 
implantants  to  restore  ligaments  and  tendons; 
miscellaneous. 

Currently,  there  is  no  production  of  continuous 
carbon  thread  in  Ukraine  in  industrial  scale. 
Nevertheless,  due  to  existence  of  production 
facilities,  experience  of  engineers  and  workers, 
technical  documentation  in  respect  to  the  basic 
technology  according  to  the  following  scheme: 
viscose  thread  -*  viscose  fabric  ->  carbon  fabric 
-»  carbon  thread  shall  provide  restoration  of  the 
production  within  a  short  term.  It  is  assumed  that 
the  physical  and  mechanical  properties  of  the 
product  as  obtained  shall  be  similar  to  those  of 
YH-2  carbon  threads  (Ukraine)  and  YBHC-H 
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carbon  threads  (Russia)  and  will  have  the 
following  characteristics:  areal  density:  140  tex; 
breaking  load:  20  g/tex,  elongation:  1-1.5  %, 
diameter  of  elemental  fiber:  7-8  microns,  strength 
of  single  threads:  1 .2-1.3  GPa. 

The  carbon  threads  are  expected  to  cost  at  least 
10-20  %  lower  the  worldwide  price  provided  the 
production  growth  is  stable.  The  basic  carbon 
thread  is  believed  to  be  subjected  to  modification 
(by  thermal,  electro-chemical  or  other  treatment) 
in  order  to  tailor  specific  final  properties  for  the 
thread  or  products  (as  per  Customer’s 
specification). 

Science  and  production  staff  having  a  great 
experience  shall  be  involved  into  processing  of 
the  thread  into  a  product,  and  in  its  modification. 
For  applications,  where  a  desired  temperature 
range  is  required  with  a  narrow  temperature 
scattering,  or  programmable  conditions  of  the 
resistive  element  use  are  needed,  the  carbon  fabric 
is  subjected  to  thermally  stabilizing  chemical- 
thermal  treatment.  In  this  case,  the  cost  of  fabric 
shall  include  the  cost  of  thermal  stabilizing 
treatment.  For  many  other  uses,  where  an 
additional  thermal  stabilizing  annealing  is  not 
required,  other  treatments  have  to  be  done  like 
activation  to  increase  the  specific  surface  of 
carbon  fibers  (sorbents,  filters,  etc.),  or  special 
modification  for  fibers,  for  instance  to  enhance  the 
adhesion  to  polymers,  increase  the  electrical 
conductivity  or  screening  ability. 

Areas  which  shall  use  carbon  fibers  are  of  high 
technologies,  therefore,  their  production  increase 
shall  be  of  commercial  gain  and  profitable. 
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The  well  known  physical  and  chemical  properties 
of  boron  nitride  make  it  irreplaceable  in  the 
techniques  of  high  temperatures,  where  high 
electric  and  heat-insulating  properties,  corrosive 
media  resistance  and  differential  temperatures  are 
required.  However,  application  of  graphite-like 
boron  nitride  is  restricted  because  of  its  low 
hardness,  low  elastic  and  strength  properties  due 
to  its  crystalline  structure  and  difficulty  to  prepare 
high-density  products,  therefore,  the  above 
shortages  should  be  avoided. 

The  last  two  decades  the  materials  science  in  its 
area  of  refractory  or  hardly-sintered  materials  has 
been  developing  through  creation  of 
multicomponent  and  multiphase  composites.  To 
produce  the  above  composites,  agents  are  used 
able  to  activate  the  sintering  processes,  and 
physical  and  chemical  processes  able  to  form  new 
phases.  These  phases  can  improve  the  functional 
properties  and  provide  new  features  to  materials. 

Hence,  our  objective  is  in  this  work  to  design  a 
composite  materials  on  the  base  of  boron  nitride 
and  new  refractory  phase,  which  shall  have 
adjustable  structure  formation  during  the  process 
of  activation  sintering  (hot  pressing).  Using  the 
idea  of  creation  of  composite  materials,  new 
phases  of  which  are  formed  in  situ,  materials  have 
been  prepared  of  boron  nitride-sialon  family,  the 
latter  being  known  due  to  its  high  hardness  and 
corrosion  resistance  in  various  media,  through 
selection  of  the  mixture  and  method  of  its 
preparing  (blending  and  grinding).  The  main 
phase  (BN)  in  composites  is  at  least  75  vol  %. 

Sintering  (hot  pressing)  of  these  materials  at 
rather  low  temperatures  causes  eutectic 
transformations  of  the  AI2O3  —  SiC>2  system, 
which  enhance  the  densication  process  at  earlier 
stages  to  a  great  extent.  Further  rise  of  the 
sintering  (hot  pressing)  temperature  contributes 
conditions  for  the  processes  of  recrystallization 
via  the  melt  of  aluminum  nitride  and  silicon 
nitride  alumosilicates  as  components  of  the 
mixture,  and  the  synthesis  of  new  refractory  hard 


phase,  i.e.  sialon  as  was  confirmed  by  X-ray  and 
spectra  analysis.  As  electron  microscope 
examinations  have  shown,  the  process  of 
recrystallization  involved  also  boron  nitride  via 
the  alumosilicate  melt.  This  process  is 
accompanied  with  coarsening  of  boron  nitride 
particles,  preferentially  in  the  normal  direction  to 
the  applied  pressure  at  hot  pressing,  thus 
producing  a  distinct  layered  gradient  structure  of 
the  composite. 


Fig.  1  shows  typical  electron  microscop  photos  of 
the  boron  nitride-sialon  composite  structure. 


Parallel  to  pressing  direction 


Normal  to  pressing  direction 

Fig.  1.  Typical  micostructure  of  boron  nitride- 
sialon  composite 
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The  liquid  phase  formation  process  at  earlier 
phases  of  sintering  (hot  pressing)  and  the 
presence  of  liquid  phase  at  all  the  subsequent 
stages  strongly  enhance  the  densification  of 
composite  allowing  production  of  essentially 
poroless  material  at  pressures  of  hot  pressing  two 
times  lower  of  those  needed  for  preparing  high- 
density  boron  nitride.  The  materials  acquire  an 
elevated  strength  (1.5-2  times  versus  boron 
nitride)  and  high  hardness  (HV=1.1-1.3  GPa) 
while  retaining  all  important  properties  of  boron 
nitride  needed  for  application  in  techniques 
(electric  and  heat-insulating  properties,  and 
corrosion  resistance).  This  opens  opportunities  for 
their  use  under  conditions  of  increased 
mechanical  loads  and  erosion  attacks  by  corrosive 
media. 

The  researches  resulted  in  developing  of  a 
technology  of  hot  pressing  for  large-sized  items  of 
boron  nitride  —  sialon  composite  material.  The 
material  can  be  made  using  the  cold  pressing 
technique  with  subsequent  sintering. 

Fig.  2  gives  the  photo  of  hot-pressed  cube  with 
edge  of  180  mm  made  of  composite  developed. 


Fig.  2.  Hot-pressed  cube  made  of  boron  nitride- 
sialon  material 
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Titanium  filters  have  gained  wide  application  for 
cleaning  food  liquids,  chemical  solutions,  medical 
preparations  [1].  Porous  titanium  elements  are  used 
as  parts  of  surgical  implants  [2],  These  parts  often 
look  like  built-in  constructions,  consisting  of  po¬ 
rous  elements  and  different  main  and  auxiliary 
parts  (flanges,  connecting  pipes,  etc.).  As  a  rule, 
they  use  welding  for  their  assembling.  But  con¬ 
ventional  methods  of  argon  and  electron-beam 
welding  of  titanium,  which  are  widely  used  in  air¬ 
craft  and  space  industries  [3,  4]  for  welding  of  po¬ 
rous  parts  do  not  provide  necessary  quality  of 
welded  joints. 

The  present  paper  modes  of  laser  welding  and  con¬ 
ditions  of  preliminary  preparation  of  joint  surfaces, 
influencing  quality  of  a  weld  during  their  welding 
porous  parts  produced  from  technically  pure  tita¬ 
nium  powder  11TX2-1  with  parts  from  compact 
technically  pure  titanium  BT1-0  are  studied. 

In  a  sheet  of  compact  titanium  there  was  cut  out  a 
hole  with  diameter  0185  mm  in  which  there  was 
tightly  inserted  a  porous  disc  of  the  same  diameter. 
These  parts  were  welded  by  laser  along  the  joint 
perimeter. 

Impulse  Nd:YAG  laser  (X=1.06  pm)  was  used  as  a 
source  of  laser  radiation.  The  best  quality  of 
welded  joints  characterized  by  absence  of  pores 
and  cavities,  smooth  and  flat  surface  of  solidified 
metal  in  a  weldpool,  the  same  dimensions  along 
the  whole  weld  perimeter  were  obtained  at  the 
following  conditions:  impulse  radiation  energy  -  2- 
4  J,  impulses  time  -  4  milliseconds,  frequency  of 
impulses  repetition  -  5  Hz,  diameter  of  laser  spot  - 
0.7-1. 1  mm,  speed  of  laser  spot  motion  -  30- 
50  mm/min. 

Treatment  of  titanium  in  technological  processes, 
characterized  by  thermal  effect  is  carried  out  in 
vacuum  or  inert  protective  gas  environment  [5]. 
But  our  experiments  have  showed  that  you  can 
achieve  appropriate  quality  of  a  titanium  weld  in 
the  air  when  using  impulse  laser  radiation. 


In  Figure  1  you  can  see  a  photo  of  such  a  welding 
joint  of  porous  and  compact  titanium  after  etching. 


Figure  1.  Cross-section  metallographic  specimen  of  a 
welded  joint  of  compact  and  porous  titanium  after 
etching.  50 


In  Fig.  1  you  can  determine  that  at  optimal  treat¬ 
ment  modes  the  weld  is  dense  and  smooth.  Its 
width  is  1.5-1. 7  mm  and  depth  1.1 -1.3  mm.  The 
weld  is  recessed  below  the  welded  parts  surface  at 
the  depth  of  about  200  pm,  which  is  connected 
with  titanium  melting  and  the  melt  infiltration  into 
pores.  Preliminary  mechanical  treatment  of  porous 
titanium,  due  to  its  high  viscosity  and  plasticity, 
leads  to  compaction  of  the  materials  in  the  zone  of 
cutting  and  «smoothing  out»  of  pores.  As  an  effect 
of  that  reduction  of  the  material  shrinkage  degree 
during  welding  and  limitation  of  the  melt  infiltra¬ 
tion  into  pores  takes  place,  which  reduces  possibil¬ 
ity  of  formation  of  the  mentioned  defect. 

The  weld  metal  heats  to  the  temperature  higher 
than  the  melting  point  and  after  cooling  has  plate 
structure  of  fast-cooled  casted  metal  of  martensite 
type  [6].  As  for  near-weld  zone,  it  is  typical  to  ob¬ 
serve  partial  melting  of  grains  boundaries.  Average 
width  of  this  zone  is  90-105  pm.  Zone  of  thermal 
influence  includes  a  zone  of  phase  refining,  where 
the  metal  got  a  meta-stable  a’-transformed  struc¬ 
ture,  and  a  transformation  zone  from  a’- 
transformed  structure  to  the  basic  metal  structure. 
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Multi-zone  type  of  the  weld  structure  was  proved 
by  results  of  hardness  measuring. 

During  tensile  testing  of  all  the  samples  under  in¬ 
vestigation  we  have  observed  breaking  not  in  the 
place  of  a  weld  but  along  the  body  of  porous  ele¬ 
ments.  Equivalent  tensile  strength  was  50-70  MPa, 
and  strength  of  the  weld  was,  accordingly,  higher 
than  this  number. 

We  have  also  carried  out  investigations  of  the  pro¬ 
cess  of  a  permanent  joint  from  compact  and  porous 
titanium  production  by  expansion  [7],  This  method 
enables  to  join  easily  parts  having  different  plastic 
properties.  Due  to  the  fact  that  compact  titanium 
has  higher  hardness  and  stiffness,  a  porous  part 
should  be  deformed.  According  to  this  hypothesis 
the  porous  part  is  the  one  under  straddling,  so  the 
other  one  should  have  a  cut  pit,  with  a  closed 
groove  inside  along  its  perimeter.  This  groove 
should  be  «filled  in»  with  the  material  of  the  po¬ 
rous  part  due  to  local  plastic  deformation. 


There  was  carried  out  a  number  of  experiments  on 
models,  which  scheme  is  presented  in  Figure  2. 


For  our  experiments  we  were  using  porous  discs 
from  titanium  powder  with  height  4  mm  and  di¬ 
ameter  30-o  j  mm  calibrated  along  their  diameter. 
We  were  cutting  standard  cartridges  with  central 
hole  20  mm  in  diameter,  pits  30+0°5  mm  in  diame¬ 
ter  of  different  depth  with  square  grooves  along 
their  sides.  The  outer  diameter  of  the  groove  was 
the  same  for  all  the  cartridges  (34  mm).  Only  2  pa¬ 


rameters  were  under  variation  -  depth  of  the  pit  and 
height  of  the  groove.  With  the  help  of  special  ring 
punches,  mounted  directly  along  the  axes  of  the 
cartridges  and  porous  discs,  we  have  carried  out 
local  inserting  of  the  discs  to  the  level  of  the  car¬ 
tridge  surfaces.  As  for  the  punches  we  were  vary¬ 
ing  width  of  deformed  ring  surface  and  degree  of 
deformation.  Height  of  the  groove  was  1 2,  24  and 
36%  of  the  disc  height. 

After  shrinkage  and  compacting  the  porous  discs 
into  the  cartridge  we  were  measuring  force  of 
ejecting  a  disc  out  of  the  cartridge. 

The  results  of  the  investigations  carried  out  have 
showed  that  optimal  ejecting  force  (higher  than 
700-750  N)  is  achieved  at  the  following  parame¬ 
ters:  relative  deformation  degree  -  2-3  mm;  relative 
groove  height  -  35-38%. 

The  achieved  results  can  be  used  for  optimizing 
processes  of  joining  porous  and  compact  materials. 
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Nowadays,  the  requirements  on  quality  of  castings 
in  metallurgy  and  engineering  increased 
considerably  with  the  simultaneous  rise  in  cost  of 
charge  materials  and  utilities  used  in  cast  iron 
production  [1]. 

One  of  major  production  phases  of  high-strength 
nodular  cast  irons  is  mold  inoculation  of  cast  iron 
with  silicon-magnesium  inoculants  of  specially 
chosen  definite  chemical  composition. 

However,  domestic  production  of  such  inoculants 
has  been  practically  curtailed. 

In  this  connection,  the  development  of  new 
resource-saving  technologies  of  high-strength  cast 
irons  production,  including  the  stage  of  complex 
silicon-magnesium  inoculant  production,  becomes 
urgent.  To  choose  the  optimum  composition  of  the 
inoculant,  the  latter  should  be  produced  either  at 
metallurgical  works  located  geographically  close 
to  the  works  which  produce  high-strength  cast 
iron  and  have  special  equipment  or  directly  at  the 
works  which  produce  high-strength  cast  iron. 

On  basis  of  this,  the  creative  group  of  specialists 
from  West  Siberian  Steel  Corporation, 
Kuzmashzavod  and  Kuznetsk  Ferroalloys  has 
developed  a  complex  of  techniques  including  the 
following: 

-iron  smelting  from  steel  scrap  with 
thermotime  treatment  and  superheating 
temperature  up  to  151 0°C  by  recarburization  with 
a  carburizing  agent  as  well  as  remelting  of  ingot 
mold  scrap  and  mold  plate  scrap; 

-production  of  silicon-magnesium  inoculants 
which  correspond  to  the  best  world  analogs  of 
such  alloys  of  different  chemical  and  grain 
composition  using  cheap  off-size  high-grade 
ferrosilicon  fractions  in  induction  furnaces; 

-mold  inoculation  of  cast  iron  with  the  use  of 
inoculants  of  variable  composition  and  selection 
of  the  optimum  structure  of  the  latter  for 
production  of  castings  from  high-strength  cast 
iron; 

The  results  of  introduction  of  such  technologies 


have  shown  that  the  burden  cost  decreased  3-4 
times  and  ferroalloys  consumption  decreased  10  - 
14  times. 

It  became  possible  to  obtain  stably  the  initial  cast 
iron  with  specified  properties,  inoculants  with 
magnesium  content  from  7%  to  30%  and  a  high 
degree  of  assimilation  of  expensive  and  scarce 
metallic  magnesium  and  the  high-strength  cast 
iron  in  accordance  with  the  State  Standard 
requirements. 

Thermotime  treatment  (TTT)  of  metallurgical 
melts  is  in  progress  at  metallurgical  works,  wide 
implementation  of  which  is  favored  by  growing 
use  of  induction  melting  in  ironmaking  and 
continuous  casting  in  electric  steelmaking.  When 
iron  is  produced  in  induction  furnaces,  the  metal 
temperature  in  the  furnace  is  200  to  300°C  higher 
than  the  liquidus  temperature.  In  both  cases  the 
temperature  reaches  the  phase  transformation 
range  in  liquid  iron  and  steel  under  TTT  [2], 

Critical  phase  transformation  temperatures  in 
liquid  iron  and  steel  were  determined  by  the  high- 
temperature  microscope  “Leitz”  from  the  surface 
tension  by  the  lying  drop  method  in  the  range 
from  1300  to  1600°C  (Figure  1).  The  analysis  of 
the  experimental  data  obtained  in  laboratory 
conditions  has  shown  that  main  transformations  in 
the  liquid  phase  take  place  in  the  range  from  1485 
to  1550°C  both  in  the  natural  titanium  and 
vanadium  alloy  iron  and  chrome-nickel  alloy  iron 
for  mill  rolls.  The  thermotime  treatment  opens 
possibilities  for  production  of  iron  with  specified 
properties  for  machine-building  plants.  The  iron 
desulfurization  technology  in  acid  induction 
furnaces  with  the  use  of  TTT  has  been  developed. 
This  technology  provides  the  stable  sulfur  content 
in  iron  (below  0.01%)  after  treatment.  For 
example,  West  Siberian  Steel  Corporation 
produced  for  Kuzmashzavod  some  amount  of  cast 
iron  with  sulfur  content  of  0.009%  and  optimum 
TTT  parameters  in  the  induction  furnaces  HHT- 
10M  of  its  Foundry  shop.  This  low  sulfur  content 
in  iron  with  inoculant  allows  production  of  high- 
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strength  nodular  and  vermicular  cast  iron. 

(  MJ 

’  m: 


Figure  1 .  Effect  of  cr  on  t 


Iron  pigs  produced  after  desulfurization  but 
without  microstructure  inoculation  have  good 
graphite  form. 

It  is  known  that  presence  of  titanium  and 
vanadium  in  cast  iron  influences  favorably  its 
microstructure.  Alloying  of  such  iron  with  silicon- 
and  manganese-bearing  ferroalloys  at  West 
Siberian  Steel  Corporation  is  done  on  basis  of 
initial  titanium  and  vanadium  content  in  cast  iron. 


When  making  the  optimum  alloying,  the 
important  role  is  given  to  the  express 
determination  of  the  initial  admixtures.  With 
production  of  cast  iron  in  induction  furnaces  of 
the  Foundry  shop,  admixtures  determination  is 
done  by  the  optical  quantometer  “Spectrovac 
2000”. 

In  production  of  molds  from  cast  iron,  the  express 
determination  of  admixtures  is  done  by  optical 
quantometers  “JY32”  and  “GVM-1014”  before 
alloying,  and  certification  of  chemical 
composition  of  pig  iron  is  done  by  the  optical 
quantometer  “GVP1-1014”  if  shipped  to  the 
customer. 

Information  on  the  initial  content  of  admixtures  in 
cast  iron  allowed  prompt  introduction  of 
corrections  during  the  alloying  process;  this  gave 
a  saving  of  up  to  2  kg  of  silicon-bearing  alloys 
and  0.67  kg  of  manganese-bearing  alloys  per  ton 
of  steel. 

Application  of  these  approaches  makes  possible  a 
considerable  reduction  of  ferroalloys 
consumption.  Decrease  in  ferroalloys  production, 
in  its  turn,  allows  improvement  of  the  ecological 
situation. 

The  development  is  introduced  at  West  Siberian 
Steel  Corporation  and  Kuzmashzavod.  The 
products  made  in  accordance  with  the  given 
technology  are  used  at  West  Siberian  Steel 
Corporation,  Kuzmashzavod,  Kuznetsk 
Ferroalloys  as  well  as  mining  enterprises  of  the 
branch.* 

*  Researches  were  made  with  support  of  the  Grant 
ROLL-2000  ISC:  USAID. 
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Now  creation  of  a  universal  stuff  capable  to  work 
in  units  of  friction  of  different  assigning  practically 
it  is  impossible,  therefore  there  is  a  necessity  of 
mining  of  stuffs  for  the  concrete  working 
conditions.  Rational  guard  ropes  of  a  stuff  and 
production  process  enables  to  receive  parts  of 
heightened  reliability,  minimum  weight  and  low- 
level  cost,  that  is  characteristic  for  parts  and  units 
SEM. 

As  has  shown  experience  on  fields  [1],  in  a  general 
flow  of  failures  of  the  electric  pump  installations  of 
one  of  the  most  widespread  causes  of  rise  of  the 
submerged  equipment  from  well  is  the  failure  of 
the  electric  motor,  that  is  conditioned  by  a  design 
SEM  (upright  arranged  electric  machine  with 
external  diameter  103,  117,  123  mms;  in  length  of 
a  body  of  6-18  meters  and  multi-supported  rotor). 
The  observations  by  electric  pump  fund  during 
several  years  have  revealed  the  following  main 
causes  of  failure  of  engines:  an  rupture  of  a  core 
coil;  an  rupture  in  a  frontal  part;  an  rupture  in  a 
current  lead;  jamming  and  demolitions  of  arbors;  a 
decrease  of  insulation;  wearing  of  couples  of 
friction. 

The  operation  conditions  and  the  mechanical 
tension  of  separate  units,  in  particular  of  sliding 
bearings,  and  parts  of  the  SEM  results  in  necessity 
to  apply  to  their  manufacturing  new  progressive 
stuffs,  more  modem  technology  of  processing; 
permanently  to  perfect  their  design;  to  pinpoint 
geometrical  parameters  and  mechanical 
characteristics  at  the  expense  of  the  improved 
computational  methods  and  bench  tests. 

Usage  of  powder  metallurgical  techniques  allows 
to  decide  a  series  of  the  relevant  technological 
problems. 

The  powder  composite  materials  distinguish 
valuable  of  advantage,  namely  capability  of 
obtaining  and  regulation  of  the  different 
characteristics:  strength,  high-temperature  strength, 
corrosion  resistance,  porosity,  hardness  damping 
and  antifriction  properties  at  the  expense  of  the 
introducing  of  different  dopes,  doping  of  a 
fundamentals,  change  of  production  process. 


One  of  the  basic  unit  of  the  SEM  are  the  sliding 
bearings:  persistent  and  reference. 

The  body  of  block  bearing  works  in  a  variable 
magnetic  field  and  should  have  a  high  specific 
resistance  as  much  as  possible  ease  eddy  currents, 
induced  in  the  bearing  box,  and  heating.  The  stuff 
of  the  bearing  box  should  be  strong  enough,  tear¬ 
proof,  have  damping  capacity,  to  provide  vibration 
resistance  of  the  bearing  box  and  to  content  to  the 
following  requirements:  magnetic  permeability  of 

1.1 - 1,3  mcHn/m;  specific  resistance  not  less  than 
1,0  Ohmmm2/m,  hardness  135-150  HB,  ultimate 
tensile  strength  500  MPa. 

Such  properties  has  nickel-chromium-manganous 
cast  iron  of  a  following  elemental  composition: 

3. 2- 3, 6  %  C;  2,2-2, 8  %  Si;  9,0-10,3  %  Ni;  6, 0-8,0 
%  Mn;  1, 5-2,0  %  Cr;  up  to  0,12  %  S;  up  to  0,3  % 
P.  The  long-lived  operational  check  confirms 
necessity  of  application  of  the  given  stuff. 

In  connection  with  a  deficit  included  in  a  structure 
nickel-chromium-manganous  of  cast  iron  of  the 
most  relevant  component  -  nickel  (9,0-10,3  %),  is 
put  a  problem  of  definition  of  a  capability  of  a 
decrease  of  the  contents  of  a  nickel  at  the  expense 
of  increase  of  doping  of  non-magnetic  cast  iron  by 
manganese  and  nitrogen. 

However  manufacturing  of  bodies  of  bearing  boxs 
from  hire  or  casting  method  gives  low  operating 
ratio  of  a  stuff.  With  the  purpose  of  its  increase,  the 
decrease  of  laboriousness  of  manufacturing, 
increase  of  a  wear  resistance,  improvement  of  up 
state,  decrease  of  a  friction  coefficient  of  bearing 
assemblies  are  offered  are  to  produced  their 
powder  metallurgical  technique. 

The  successful  combination  of  transferred 
properties  of  a  stuff  of  a  bearing  case  is  obtained 
on  the  basis  of  powder  titanium  I1TX-4-2,  which 
one  and  was  selected  for  the  basis  for 
manufacturing  of  a  body  of  block  bearing  [2]. 

Conducted  idealized  and  experimental  researches 
on  analysis  of  up  state  persistent  and  block 
bearings  [3]  have  shown,  that  80  %  of  failures  of 
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thrust  bearings  descend  because  of  melting  or 
intensive  wearing  it  layer  of  a  babbit  in  the 
extreme  working  conditions. 

Way  of  obtaining  of  an  antifriction  stuff  [5]  a 
powder  metallurgical  technique  on  the  basis  of 
cuprum  for  a  thrust  bearing  including  mixing  of 
dusts  of  cuprum,  graphite,  zinc  and  disulphide  of 
molybdenum,  pressing  and  sintering,  has  allowed 
to  receive  an  antifriction  stuff,  due  to  cladding  of  a 
disulphide  of  molybdenum  by  monoxide  of  a 
boron.  The  obtained  stuff  has  found  broad 
application  for  manufacturing  of  thrust  bearings  in 
SEM  [4], 

The  researches  have  shown,  that  parts  made  a 
powder  metallurgical  technique  for  SEM  (turbine 
and  a  bore  protector  of  a  stuff  XCTpl,  bearing  case 
from  a  stuff  IITX-4-2  [2]  and  support  from  a  stuff 
^04Lf4Tp2Mc3E  [4,5])  respond  the  shown 
requirements  and  are  advised  to  exploitation.  The 
footstep  from  a  powdered  material  )Krpl  demands 
padding  heat  treatment.  After  improvement  of  this 
process  also  can  be  advised  to  exploitation. 

The  perspective  application  of  items  made  of  the 
set  forth  above  stuffs,  has  allowed  to  economize 
raw,  intermediate  products  and  specially,  that  is 
very  important,  to  lower  costs  of  manufacturing  of 
parts  SEM  at  simultaneous  preservation  of  the 
basic  figure  of  merits  and  reliability  of  electric 
motors. 


l.OcHOBHbie  xapaKTepHCTHKH  paboTbi  Y3LfH  b 
He<j>TaHbix  CKBaxcHHax  MHHHetJrrenpoMa. 
TexHHHecKHe  Marepnajibi.  M.:  1983. 

2. KypHJiOB  T.B.  A.  c.  1751489  (CCCP)  ot 
20.10.89.  FIo^uuHnHHK  CKOJibxceHHa  aaa 
norpyxcHbix  aaeicrpoaBHraTenefi  cepHH  FIS#. 

3. ®njuwriOB  B.H.  HaaeacHOCTb  ycraHOBOK 
norpy>KHbix  ueHTpo6e>KHbix  HacocoB  ana  aoSbiHH 
He<j)TH.  063opHaa  HH<j)opMaumi.  M.:  XM  -4 
HacococTpoeHHe. ,  LfHHTHXHe^TeMam,  1983,  50c. 

4. KypH/ioB  T.B.  h  ap.  A.  c.  1521948  (CCCP)  ot 
15.07.89  .  floanflTHHK  ana  MauiHH  c  BepTHKajibHo 
BpamaramHMca  BajioM. 

5.  Tpe6eHb  A.M.,  KypnaoB  T.B.  h  ap.  A.c. 
1455743  (CCCP)  ot  01.10.87.  CneneHHbiH 
aHTHtjjpHKUHOHHbiM  MaTepwaa  na  ocHOBe  Mean  h 
cnocob  ero  noayHeHHa. 
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NON  -  GALVANIZATION  METHOD  OF  BONDING  OF  FRICTION 
MATERIAL  TO  THE  STEEL  BODY 

Siroeshco  G.S.,  Pascuk  S.E.,  Gricel  P.V.,  Leshok  A.V.,  Zvonariov  E.V.(,) 
Molodechno  Powder  Metallurgy  Plant,  Molodechno,  Belarus 
(1)Institute  of  Powder  Metallurgy,  Minsk,  Belarus 


Frictional  materials  (FM)  have  a  great  role  for 
automobile  and  tractor  industries.  FM  is  the 
material  wich  has  got  frictional  coefficient  (f) 
above  0,05  in  conditions  of  wet  rubbing  and  0,2  in 
conditions  of  dry  rubbing. 

Working  speeds  increase  permanently  and 
conditions  of  operation  become  extremely  high/ 
For  example  the  speed  is  up  to  100  m/s,  the 
contact  temperature  is  achieved  up  to  1000°  C  and 
working  pressure  is  used  up  to  20  MPa. 

The  metal  ceramic  FM  have  got  a  wide  range  of 
appliance  in  industry.  These  materials  include 
both  metal  components  and  non-metallic 
compounds. 

Therefore  there  are  many  different  problems  in 
the  manufacture  technology  of  frictional  products. 

One  of  then  is  the  creation  reliable  bonding  of  FM 
with  steel  body. 

Traditional  technology  of  producing  frictional 
articles  embodies  protective  coating  on  the  steel 
body  having  thickness  2,5...  150  mm.  The  coating 
protects  the  steel  surface  and  prevents  the 
formation  compounds  or  films  by  oxidation 
process  by  of  oxygen  from  air  or  gases  entrained 
in  the  FM  mixture. 

There  were  made  some  experiments  substituting 
an  copper  electrolytic  coating  which  provide 
appliance  harmless  processes  for  people  and 
nature. 

Taking  into  account  capillary  effect  and  its 
property  to  constrict  particles  there  is  developed 
the  flux  giving  an  opportunity  for  activity  steel 
surface  and  construction  particles  simultaneously. 


Fig.  1. 

The  border  FM  (A)  -  steel  body(B). 


The  flux  isn’t  found  on  the  border  frictional 
material  —  steel  body  and  it  provides  efficient 
bonding  of  the  sintered  FM  to  the  steel.  The  high 
quality  of  the  bonding  is  provides  by  the  diffusion 
process  of  powder  material  to  the  steel  body. 

Experimental  tests  of  frictional  disks  have  been 
carried  out  in  hard  conditions  and  the  results  were 
satisfactory. 

The  flux  using  allows  to  simplify  the  technology 
of  producing  frictional  disks  and  to  avoid  quite 
harmful  process  and  to  use  technology  without 
purification  constructions.  Thereto  it  gets  an 
opportunity  in  reduction  in  the  price  of  final 
products. 
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DISPERSION  STRENGTHENED  MATERIAL  BASED  ON  COPPER 
POWDER  C  0/97  OF  DISCOM®  TRADE  MARK  FOR  CURRENT 
REMOVING  STRIPES  USED  IN  CURRENT-COLLECTING  DEVICES  OF 

ELECTRIC  TRAINS 

Shalunov  E.P„  Matrosov  A.L.,  Wendland  St.(1) 

Scientific  and  Technological  Company  TECHMA  Ltd,  Cheboksary,  Russia 
(1)  ROTECH  G.m.b.H.,  Miihlheim  -an-der-Ruhr,  Germany 


As  in  any  electric  circuit,  a  device  commuting 
current  form  the  contact  net  to  the  electric  drive  of 
the  locomotive  is  one  of  its  most  important 
elements.  Stable  operation  of  the  whole  electric 
circuit  and  electric  engine  of  the  locomotive,  as  a 
power  consumer  including,  depends  on  the  safety 
and  working  ability  of  this  device.  If  under 
quiescent  conditions  electric  energy  removal  and 
its  transfer  to  the  locomotive  electric  drive  is 
carried  out  relatively  easy,  fulfillment  of  the  same 
function  when  electric  train  is  moving,  i.e.  under 
conditions  of  the  sliding  electric  contact,  becomes 
a  complicated  technical  task.  Due  to  the 
availability  of  movement  this  contact  is  notable  for 
instability  causing  possibility  of  sparking  or 
electric  arc.  Sparking  increases  wear  of  the  contact 
pair,  i.e.  “contact  wire  -  current-removing  stripe”, 
and  arc  results  in  material  evaporation,  which  in  its 
turn  increases  roughness  of  the  contacts.  Ice  on  the 
wire  causes  interrupted  movement  and  increases 
sparking.  Rain  also  increases  the  wear  of  the 
contact  pair.  Sparking  and  arc,  the  power  of  which 
increases  as  collected  current  rises,  and  mechanical 
friction  in  the  contact  pair  as  well  stipulate  for 
sufficient  temperature  rise  of  the  current-collecting 
element  as  compared  with  the  temperature  of  the 
environment.  The  higher  is  the  strength  of  the 
collected  current  and  speed  of  the  train,  the  higher 
is  the  temperature.  Taking  it  into  account  it’s 
necessary  for  material  used  for  current-collecting 
elements  to  provide  high  arc-resistance,  wear- 
resistance,  high  hardness  cha-racteristics  at  high 
temperatures,  and  antifriction  characteristics  as 
well. 

As  the  speed  exceeds  160  km/h,  the  temperature  in 
the  contact  zone  reaches  500...600°C.  That  is  why, 
many  materials  used  earlier  (bronze  CuCrlZr, 
sintered  powder  compositions  on  the  base  of 
copper  and  iron  saturated  with  lead  and  tin  alloys 
etc.)  having  lower  recrystallization  temperature 
have  become  improper  for  such  operational 
conditions.  Materials  possessing  higher  heat-  and 
wear-resistance  are  required.  To  prevent  current 


loss  and  consequent  temperature  rising  due  to  the 
self-heating  these  material  should  be  of  high 
conductivity  as  well.  Due  to  the  high  temperature 
appearing  in  the  contact  zone  of  current-collecting 
devices,  materials  used  for  the  current-removing 
stripes  shouldn’t  contain  easy  fusible  chemical 
elements,  especially  those  which  are  able  to  go  into 
the  atmosphere  and  cause  along  the  railways 
unfavorable  ecological  background  for  human 
beings  and  animals.  Good  processing  ability 
requirements  for  materials  used  to  produce  current- 
removing  stripes  (milling,  grinding,  drilling  etc.) 
should  also  be  taken  into  account. 

Current-removing  stripes  made  of  various  carbon 
materials  widely  used  in  railways  in  different 
countries  of  the  world  at  alternating  voltage  from 
15000  V  to  25000  V  (at  the  average  current  of 
700... 800  A)  endure  high  temperature  and  contact 
wire  wear  is  minimal.  Such  current  removing 
stripes  are  often  used  in  electric  trains  inside  and 
outside  the  city  at  constant  voltage  (1500  and 
3000V)  in  the  contact  net,  where  current  reaches 
from  700  to  2800  A. 

Calculations  show  that  the  consumption  of  power 
increases  by  8...  12%  at  such  current  and  electric 
conductivity  of  carbon  current  removing  stripes  of 
0,03... 0,06%  from  copper  electric  conductivity  as 
compared  with  the  power  consumption  level,  when 
it  is  commuted  by  current  removing  stripes,  their 
electric  conductivity  making  up  88  %  from  copper 
electric  conductivity. 

Due  to  the  low  electric  conductivity  current 
removing  stripes  made  of  carbon  materials  cause 
overheating  resulting  in  extra  heating  of  the 
contact  wire.  Besides  current  removing  stripes  are 
worn  quickly  and  the  products  of  their  wear  go  into 
the  atmosphere  and  fall  down  to  the  neighboring 
grounds.  Production  of  such  stripes  also  faces 
certain  ecological  and  technological  difficulties. 
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Oxide  and  Carbon  Dispersion  Strengthe-ned 
Material  based  on  copper  powder  (OCDS-Copper) 
C  0/97  of  DISCOM®  Trade  Mark  developed  by 
TECHMA  Ltd  (Cheboksary,  Russia)  meets  the 
above  requirements  in  the  highest  degree.  It  is  a 
copper  matrix  strengthened  by  ultra-dispersion 
particles  (0,02... 0,03  pm)  of  A1203  and  contains 
carbon  in  addition. 

Technological  process  of  this  material  production, 
mechanical  alloying  of  powder  composition  Cu- 
Al-C  in  attritors  being  the  major  operation,  is 
based  on  the  technology  developed  and  patented 
by  TECHMA  Ltd. 

OCDS-Copper  C  0/97  of  DISCOM®  Trade  Mark 
possesses  the  following  physical  and  mechanical 
characteristics  at  room  temperature: 


Electrical  conductivity,  %  IACS . 90+2 

Rockwell  Hardness  (HRB) . 70... 74 

Ultimate  tensile  strength,  N/mm2 . 4 10... 460 

Conditional  tensile  yield  limit, 

N/mm2 . 350... 390 

Relative  elongation,  % . 20... 23 

Compressive  yield  point, 

N/mm2 . ....1800...  2000 

Compressive  relative  settling,  % . 63. ..67 


After  annealing  at  800°C  during  1  hour  strength 
characteristics  of  the  material  are  reducing  only  by 

10..  .15%. 

Apart  from  high  electrical  conductivity,  strength 
characteristics  and  wear  resistance  the  material 
also  possesses  high  recrystallization  temperature, 
which  makes  up  not  less  than  800°C,  whereas 
traditional  and  sintered  Bronze  looses  its  strength 
characteristics  already  at  the  temperature  of 

350.. .550°C.  It  means  that  DISCOM®  C  0/97 
material  can  be  successfully  applied  without 
loosing  its  characteristics  not  only  at  the  speed  of 
160  km/h  but  also  at  considerably  higher  speeds. 

Tests  of  the  developed  material  having  been 
conducted  in  German  Metal  Studying  Scientific 
and  Research  Institutes  (Max-Planck-Institute, 
IFAM  and  others)  and  current-removing  stripes 
produced  from  this  material  having  been  tested  on 
the  testing  grounds  and  in  operational  conditions  of 
high  speed  main  lines  of  Italian  Railway,  the 
material  in  question  was  recommended  to  be  used 
in  electric  trains  moving  at  a  speed  over  160  km/h 
apart  from  the  American  oxide  dispersion 
strengthened  material  (ODS-Copper)  CU+AI2O3 
GlidCop®  AL-15. 


OCDS-Copper  C  0/97  of  DISCOM®  Trade  Mark  is 
manufactured  as  hot  pressed  (by  means  of 
extrusion)  rods  of  rectangular  section  according  to 
Technical  Requirements  TU  1 479-002-1 30928 1 9- 
2001  registered  by  State  Standard  of  Russia  and 
after  mechanical  processing  is  delivered  as  ready¬ 
made  current-removing  stripes  of  various  sizes  and 
weight  from  2  up  to  3  kg  to  the  Italian  Railway  via 
the  German  firm  ROTECH  G.m.b.H.  Every  lot  to 
be  delivered  undergoes  independent  testing 
beforehand  in  one  of  the  branches  of  Fraunhofer 
Institute  and  obtains  Quality  Certificate  of  this 
Institute.  The  volume  of  delivery  at  the  moment 
makes  up  more  than  20  tons  of  ready-made 
current-removing  stripes  annually  and  this  volume 
will  steadily  grow  since  Glidcop®  AL-15  is  being 
replaced  by  it.  A  possibility  to  substitute  material 
C  0/97  DISCOM®  for  Bronze  CuCrlZr,  used  in 
electric  trains  moving  at  a  speed  under  160  km/h, 
is  also  being  considered. 

To  prevent  the  contact  wire  from  wear  between 
current-removing  stripes  made  of  DISCOM"  C 
0/97  material  there  should  be  fixed  a  graphite  plate 
used  as  a  source  of  dry  lubricant  for  the  contact 
pair  “current-removing  stripe  —  contact  wire” 

(Fig-)- 


Fig.  Current-removing  device  of  a  high  speed  electric  train  moving 
at  160km/h  and  over:  1-  current-removing  stripes;  2  -  a 
graphite  plate. 
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SUPERCONDUCTIVITY  NIOBIUM  CARBIDES,  NITRIDES, 
CARBONITRIDES  AND  GLASS  COMPOSITES  AND  NEW 
POSSIBILITIES  OF  THEIR  APPLICATIONS  IN  CRYOGENIC 

TECHNICS 


O.I.Shulishova.  N.V.Shevchuk,  I.A.Shcherbak 

Institute  for  Problems  of  Materials  Science  of  NANU,  Kiev.  Ukraine 


The  high  temperature  superconductivity 
discovery  that  evoked  incredible  expectations 
concerning  the  possibility  of  room  temperature 
superconductivity  achievement  caused  a 
significant  decrease  in  public  interest  to 
conventional  “low-temperature  superconductors” 
that  hardly  reached  hydrogen  temperatures  over 
the  past  decades. 

However,  even  if  these  expectations  come 
true  the  demands  for  facilities  and  materials  that 
are  necessary  for  the  operation  at  helium  level  of 
cooling  will  not  disappear  or  diminish. 
Electronics,  e.g.,  remains  such  a  field  where  the 
need  for  helium  level  of  cooling  will  always  exist. 
Any  electronic  circuit  consists  of  passive 
elements  -  resistors  and  conductors  -  60-80  %. 
These  elements  determine  the  whole  circuit 
operation  in  many  respects.  The  thermal  noise 
electromotive  force  of  resistor  that  is  determined 
by  the  production  of  its  resistance  and 
temperature  limits  the  threshold  power  of  the 
useful  signal.  It  is  impossible  to  increase  the 
sensitivity  of  receiver  decreasing  its  input 
resistance,  and  the  only  radical  measure  of  noise 
reduction  is  the  decreasing  of  devices  operating 
temperature.  Circuit  cryostatting  in  the  liquid 
helium  allows  to  decrease  resistors  thermal  noise 
level  by  two  orders  of  magnitude  that  will  allow 
to  decrease  the  threshold  power  of  the  signal 
received  in  the  same  times.  It  is  especially 
important  for  the  long  distant  Earth’s  and  space 
communications. 

The  thick  film  production  process  initial 
materials  are  paste-like  compounds.  The  thick 
film  production  process  is  widely  used  in 
nowadays  electronics  to  fabricate  passive 
elements.  This  techniques  offers  some  advantages 
over  the  thin  film  one  among  which  there  are  the 
simplicity  and  lower  cost  of  equipment,  less 
sensitivity  to  contamination,  the  lower  surface 
finishing  class  of  substrates  applied,  higher 
reliability  and  reproduction  of  operating 
characteristics. 

The  thick  film  production  process  initial 
materials  are  compounds  that  comprise  a 
conductive  phase  powder  suspension  mixed  with 


configuration  and  thickness  films  are  deposited 
mechanically  through  the  mask  on  the  ceramic 
substrate,  an  organic  is  removed  by  drying,  and 
afterwards  films  are  subjected  to  heat  treatment. 
The  films  obtained  in  such  a  manner  comprise 
not  uniform  disordered  structure  of  threq- 
dimensional  chains  of  randomly  oriented 
contacts  that  are  formed  by  the  conductive 
phase  particles  in  the  glass  matrix. 

The  quantity  of  conductors  in  large-scale 
integrated  circuits  may  be  so  big  that  their  total 
input  in  the  resistance  becomes  comparable  with 
the  good  resistor  input.  As  thick  films  comprise 
disorder  media  in  which  a  substantial 
resistance  growth  is  observed  with  the 
temperature  drop,  it  is  clear  that  at  the  circuit 
cryostatting  aimed  to  improve  resistors 
operation  conductors  become  a  source  of 
substantial  additional  power  losses  and  circuit 
operation  parameters  degradation.  Thus,  the 
problem  of  such  thick  conductor  films  creation 
that  would  not  degrade  circuit  operation  at  the 
cryostatting  but  would  fulfil  their  role  as  ideal 
as  possible  reducing  the  electrical  loss  to  zero  at 
all,  arises.  We  have  solved  this  problem  by 
means  of  pastes  based  on  superconductive 
niobium  carbides,  nitrides  and  carbonitrides 
having  Tc  11.1  K,  16,3  K  and  17,9  K 
respectively. 

Carbides,  nitrides  and  carbonitrides  have  a 
simple  crystal  structure  B1  (  of  NaCl-type)  and 
form  a  wide  class  of  superconductive 
compounds  having  unlimited  mutual  solvability 
and  wide  areas  of  homogeneity.  It  allow  to 
obtain  superconductive  materials  and, 
correspondingly,  superconductive  thick  films 
with  virtually  and  desirable  superconductive 
temperature  Tc  from  the  lowest  one  to  18  K. 
Superconductive  thick  films  properties  do  not 
depend  only  on  chemical  composition,  but  on 
the  superconductive  component  grading 
composition  as  well  as  the  superconductive  and 
dielectric  paste  components  quantitative  relation 
(Fig.  1,2). 

Thus,  changing  the  chemical  and  grading 
Composition  of  the  superconductive  component 
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glass  powder  in  organic  solvent.  The  necessary 
to  obtain  superconductive  thick  films  varying 
slightly  their  properties  combination  in 
superconductive  and  normal  state: 

-  Tc  from  the  lowest  one  to  1 8  K ,  • 

-  superconductive  width  ATC  from  the  part  of  one 
degree  to  18  K, 

-  film  resistance  in  the  normal  state  ,  pn ,  from  the 
tenth  parts  to  tens  Ohm/  □  , 

-  temperature  coefficient  of  resistance  TCR  in  the 
normal  state  positive,  negative,  or  practically 
equals  zero. 

Superconductive  thick  films  critical  fields  Ho 
are  several  orders  greater  than  those  of  the  initial 
components  in  solid  state,  their  critical  currents  Ic 
depend  on  phase  ratio  and  comprise  102-  104 
A/cm2  at  4,2  K. 

It  is  known  that  superconductive  metals  and 
compounds  possess  much  lower  conductivity  in 
the  normal  state  that  normal  metals  such  as 
copper  and  silver.  Introducing  normal  metal  with 
high  conductivity,  e.g.,  silver,  in  the  paste 
compound  one  can  obtain  unique  films  having 
such  a  high  conductivity  at  temperature  higher 
than  Tc  that  cannot  be  achieved  for  any 
superconductors  and  having  zero  resistance  at 
temperatures  lower  than  Tc . 

Thick  films  based  on  niobium  carbides,  nitrides 
and  carbonitrides  properties  allow  to  apply  them 
as: 


and  its  quantitative  part  in  a  paste,  it  is  possible 
conductive  elements  with  zero  electric  losses  in 
integrated  circuits  of  helium  level  of  cooling; 

-  conductivity  elements  having 

superconductivity  at  T<TC  and  extremely 
high  conductivity  at  T>TC  (compounds  with 
silver); 

-  thermal  switches,  switches  that  are 
converted  in  the  normal  state  by  the  current 
passed; 

-  resistance  cryogenic  thermometers  with  the 
linear  dependence  (transition  to  the  super¬ 
conductive  state  with  wide  ATC ); 

-  sensors  for  liquid  helium  level  gauges 
having  reliable  potting  automatization  (high 
,  small  TCR,  Tc  =  4,2  K); 

-  materials  for  superconductive  screens 
having  any  dimension  and  form  deposited 
by  the  paste  spraying  technique. 

Apart  from  practical  application  in  cryogenic 
electronics,  instrument  engineering,  and 
cryogenic  engineering  superconductive  thick 
films  may  be  used  in  scientific  researches  as 
model  systems  for  phase  transition 
investigations,  for  superconductivity  and 
localization  competition,  for  laws  of  percolation 
theory  study  as  well  as  for  the 
investigation  of  charge  effects  role  in  systems 
having  Josefson’s  junctions. 


T,K 


T,  K 


Fig.  1 .  Superconducting  transition  for  NbCo^No/?: 
♦  -  sintered  sample, 

□  -  fraction  for  particles  size  >  40  pkm, 
▲  -  fraction  for  particles  size  <  40  pkm. 


Fig.2.  Superconducting  transition  (4)  for  thick 
film  with  powder  from  fraction  <  40  pkm. 
(superconducting  transition  ▲  from 
Fig.  1). 
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NEW  COMPOSITE  COATINGS  FOR  REINFORCING  HEAVILY  LOADED 

PARTS 

Rudenskava  N.A..  Shveikin  G.P. 

Institute  of  Solid  State  Chemistry,  Ural  Branch  of  the  Russian  Academy  of  Sciences, 

Ekaterinburg,  Russia 


Gaseous  thermal  deposition  technology  for 
reinforcing  parts  operating  under  extreme 
conditions  should  be  developed  employing 
composite  materials,  whose  composition,  micro- 
and  macrostructure  can  be  formed  in  a  controlled 
manner  during  deposition,  thermal  treatment  and 
operation  of  coatings. 

A  new  class  of  composite  powders  and  universal 
gaseous  thermal  coating  based  on  refractory 
compounds  with  a  special  structure  has  been 
elaborated. 

We  were  the  first  to  study  experimentally  and 
theoretically  the  processes  of  shperoidization, 
pulverization  and  conglomeration  of 
polydispersion  powders  TiC,  Cr3C2,  NiN,  TiCN, 
CrB2,  TiB2,  ZrB2,  TiCrB2,  A1B|2  under  low- 
temperature  plasma  conditions;  migration  of 
reinforcing  phase  particles  in  melted  coatings;  as 
well  as  wear  of  composite  coatings  during 
abrasive  treatment.  These  processes  were 
simulated  to  put  forward  criteria  for  evaluating 
and  predicting  the  composition,  structure  and 
properties  of  composite  materials  (universal 
incommensurate  criterion  of  spheroidization, 
analytical  equations  for  determining  the  thickness 
of  a  cladding  layer  on  refractory  granules  and 
residual  porosity  of  melted  coatings  with  the 
reinforcing  phase,  semi-empirical  equation  for 
calculating  relative  wear  resistance  of  composite 
coatings  in  abrasive  treatment). 

Some  unfamiliar  self-organizing  processes  of 
modification  of  the  composition  and  structure  of 
gaseous  thermal  coatings  occurring  during  their 
formation  were  found  and  investigated.  They 
proved  to  considerably  improve  physical  and 
mechanical  characteristics  of  (i)  deposited  layers 
(phases  with  enhanced  microhardness  3200-4929 
kg/mm2)  formed  during  the  interaction  between 
composite  particle  components;  (ii)  multilayer 
oxynitride  shells  (2800-3500  kg/mm2)  on  titanium 
nitride  inclusions  resulted  from  interaction  of 
deposited  particles  with  a  plasma-forming  gas 
(self-cladding  effect);  (iii)  gradient-layer  coatings 


and  multilayer  interfaces  coating  -  base  metal; 
(iv)  refractory  phases  and  phases  with  enhanced 
microhardness  arising  when  composite  coatings 
interact  with  the  environment. 

A  unified  complex  approach  to  the  creation  of 
reinforcing  coatings  used  under  extreme 

conditions  has  been  proposed,  substantiated  and 
approbated.  It  involves  the  choice  of  the 
composition  of  the  reinforcing  ingredient  and  the 
matrix  alloy  with  the  optimum  physico- 
mechanical  properties;  individualizing  the 

composition  based  on  the  structure  and  method  of 
obtaining  the  reinforcing  phase  particles;  the 
choice  of  the  system  for  modifying  the  coatings’ 
micro-  and  macrostructures.  The  structure  and 
properties  of  gaseous  thermal  coatings  made  of  93 
different  composite  powders  have  been  examined. 
The  proposed  approach  was  employed  to  develop 
20  novel  compositions  and  composite  materials 
types.  The  problem  of  high-temperature  working 
capacity  of  parts  exposed  to  simultaneous  wear 
and  shocks  was  solved  for  the  first  time  in  this 
country  by  using  protective  coatings.  Comparative 
analysis  between  coatings  made  of  the  developed 
complex  powders  and  those  produced  by  domestic 
and  foreign  firms  showed  that  cladding  and 
conglomeration  of  reinforcing  phase  powders 
result  in  (i)  properties  comparable  to  those  of 
Castolin  coatings  when  they  operate  in  a  flow  of 
abrasive-containing  liquid  (the  proposed  materials 
are  tungsten-free);  (ii)  3  to  5  times  better  wear- 
resistance  in  an  abrasive  air  flow  as  compared  to 
Ni-Cr-B-Si  alloys;  (iii)  2  to  22  times  increased 
stability  to  abrasive  wear  (reference  —  steel  50 
quenched  to  HRC  =  52-54  units).  Owing  to  the 
synthesized  compositions,  the  thermal  stability  of 
deposited  layers  is  raised  by  a  factor  of  2  to  20  in 
comparison  with  stellite  and  melting  from  powder 
wire  nri25X55<DCM. 

The  elaborated  composite  powders  and 
technological  innovations  were  tested  and  adopted 
at  a  number  of  enterprises  of  the  Ural  region  and 
Western  Siberia  thus  improving  the  operation 
stability  of  heavily  loaded  parts. 
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OBTAINING  OF  WEAR-RESISTANT  CHROME  COATINGS  WITH 
NANODIAMONDS  OF  DIFFERENT  ORIGINS 

Burkat  G.K.(1),  Fujimura  T.(2),  Dolmatov  V.Yu.(1).  Orlova  E.A.(1),  Veretennikova  M.V.(1) 

(1)Special  design  bureau  "Tekhnolog"  at  the  St.Petersburg  State  Technological  Institute 
(Technical  University),  St.  Petersburg,  Russia 
(2)mVISION  DEVELOPMENT  CO.,  LTD",  Tokyo,  Japan 


At  the  beginning  of  the  eighties  of  XX  century  it 
was  found  that  detonation  synthesis  ultradispersed 
diamonds  (or  UDD,  or  nanodiamonds)  (of  4-6-nm 
size)  are  able  to  co-deposit  with  metals  by  their 
electrochemical  or  chemical  reduction  from 
aqueous  solutions  of  salts.  It  allows  one  to  form  the 
two-phase  composite  electrochemical  coating 
(CEC)  consisting  of  metallic  matrix  and  introduced 
dispersed  nanodiamond  particles  [1-3]. 

The  method  of  chrome-UDD-plating  for  edge  tool 
and  parts  are  widely  used.  This  method  was 
realized  on  an  industrial  scale  at  the  enterprise 
"Elektrokhimpribor"  (t.  Lesnoy)  et  al.  Many 
scientific-research  works  were  devoted  to  that 
process,  and  they  described  very  contradictory 
results  -  from  enthusiastic  up  to  negative  ones 
[1,2]. 

The  present  work  has  for  an  object  to  investigate  a 
process  of  electroplating  of  chrome-diamond  CEC 
and  its  quality  with  nanodiamonds  of  different 
origins:  UDD  industrial-manufactured  by  SDB 
"Tekhnolog"  according  to  Specs  TU  05121441- 
275-95  and  static  synthesis  nanodiamonds  ASM 
0,1/0  (crystal  size  up  to  100  nm).  The  results  of  the 
work  can  be  widely  used  in  practice. 

Chrome  plating  process  (standard  and  diluted 
electrolytes  of  chrome  plating)  allowing  to  obtain 
the  hard  chrome  at  temperature  of  45-48°C  over 
the  current  density  range  of  50-130  A/dm2  and  the 
wear-resistant  chrome  at  temperature  of  52-5  6°C 
(current  density  50  A/dm2)  was  studied. 

Introduction  of  UDD-  and  ASM-additives  to  the 
electrolyte  of  chrome  plating  does  not  exert  a  great 
influence  on  the  microhardness  of  chrome 
coatings.  An  increase  in  the  mjcrohardness  is 
observed  in  a  high  current  density  region,  it  is 
equal  to  30-35%  of  the  microhardness  of  chrome 
without  additives. 

An  influence  of  concentration  of  UDD  on  the 
microhardness  of  chromic  coatings  is  presented 
(Fig.l)  for  the  standard  chrome  electrolyte 


(concentration  of  chromic  anhydride  of  250  g  per 
1).  On  Fig.l  there  is  the  maximum  of 
microhardness  for  UDD-concentration  of  1 5  g  per 
1,  and  the  microhardness  of  chromic  coatings  is 
higher,  the  higher  the  current  density.  At  the  high 
current  density  region  (100-130  A/dm2)  the 
maximum  of  microhardness  is  shifted  to  the  region 
of  30  g  per  1  of  UDD.  But,  concentration  of  UDD 
in  an  electrolyte  should  not  be  increased  more  than 
1 5  g  per  1  as  Russian  enterprises  do  not  practically 
work  at  high  current  densities.  Optimum  current 
densities  are  usually  50-75  A/dm2  for  the  chrome 
plating  process.  An  increase  in  microhardness  at 
the  presence  of  UDD  occurs  equally  in  both 
standard  and  diluted  electrolytes.  Thermal 
treatment  of  samples  at  200°C  during  2  hours 
naturally  decreases  the  microhardness  over  the  all 
current  density  range  by  about  15-20%. 
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Fig.  1.  An  influence  of  UDD-concentration  in  the 
electrolyte  (Cr03  -  250  g  per  I)  on  the  microhardness  of 
chrome  coating  at  different  current  densities. 

It  is  found  that  the  coatings  with  ASM  have 
smaller  microhardness  than  these  with  UDD 
because  ASM  do  not  have  a  high  surface  activity 
in  contrast  to  UDD.  ASM  are  included  into  the 
coating  only  due  to  mechanical  capture  of  particles 
by  growing  the  chrome-deposit.  As  an  increase  in 
concentration  of  ASM-additive  the  microhardness 
smoothly  increases  up  to  the  concentration  of  5  g 
per  1.  Therefore,  the  concentration  of  ASM  in 
electrolyte  can  be  limited  to  3-6  g  per  1.  UDD 
being  included  into  the  chrome  deposit  promote 


167 


SECTION  C. 

ADVANCED  TECHNOLOGIES  FOR  PRODUCTION  AND  JOINING  MATERIALS  AND  PRODUCTS  FOR  OPERATION 
_ _ IN  HAZARD  CONDITIONS 


the  grinding  of  coating-grains  due  to  surface-active 
properties  of  UDD. 

The  results  of  studying  of  wear-resistance  of  the 
chrome  coatings  in  the  presence  of  both  UDD 
ASM  are  presented  in  Fig.2.  As  a  rule,  the  attrition 
time  is  limited  to  20  hours. 

As  it  follows  from  Fig.  2,  the  chrome  coating 
obtained  under  conditions  of  wear-resistant  chrome 
plating  but  from  the  standard  electrolyte  with  no 
any  additives  for  20  hours'  attrition  loses  15%  of 
its  mass.  The  coatings  obtained  from  the 
electrolyte  containing  ASM-additive  have  the 
maximum  wear-resistance.  The  samples  of  chrome 
coatings  which  have  lost  little  more  than  1%  of 
theirs  mass  for  20  hours  of  attrition  time  were 
obtained  from  solutions  containing  3-6  g  per  1  of 
ASM.  An  increase  in  the  concentration  of  ASM  up 
to  10  g  per  1  in  the  electrolyte  does  not  change  the 
microhardness  of  chrome  coatings.  That  fact  once 
more  confirms  the  conclusions  about  the  optimum 
content  of  ASM  of  3-6  g  per  1.  However,  during 
testing  the  chrome  coating  with  ASM-additive  (at 
different  concentration  in  an  electrolyte)  abrades  a 
counter-body  1,5  -3,0  times  as  intensive  as  that 
without  additives. 

The  wear-resistance  of  the  chrome  coatings  in  the 
presence  of  UDD  was  studied  over  a  wide  range  — 
up  to  50  g  per  1.  The  wear-resistance  of  the 
chrome-coatings  with  UDD  is  a  little  worse  than 
for  the  ones  with  ASM.  Nevertheless,  wear  of  the 
chrome  coatings  obtained  from  the  electrolyte 
containing  1 5  g  per  1  of  UDD  amounts  to  about 
3%,  that  is  greatly  better  than  for  the  coatings 
obtained  from  the  electrolyte  without  additives 
(wear  amounts  to  15%).  In  addition,  during  testing 
the  obtained  chrome-UDD-coatings  the  attrition  of 
a  counter-body  was  not  practically  observed. 

Moreover,  the  wear-resistance  of  the  chrome 
coatings  obtained  from  electrolytes  containing 
mixed  additives  of  UDD  and  ASM  was 
investigated.  The  coatings  obtained  from  the 
electrolytes  containing  2,5  g  per  1  of  UDD  and  5  g 
per  1  of  ASM  have  the  same  wear-resistance  as  the 
coatings  obtained  from  the  electrolyte  containing 
15-20  g  per  1  of  UDD.  However,  attrition  of  a 
counter-body  is  increased. 

Addition  of  ASM  despite  the  fact  that  it  has  a 
positive  impact  on  wear-resistance  of  chrome 
coatings  is  not  very  effective,  in  particular  as  that 
does  not  practically  influence  the  uniformity  of  a 


coating  (in  contrast  to  addition  of  UDD).  An 
increase  in  the  uniformity  of  a  coating  for  the 
chromic  electrolyte  is  one  of  the  most  important 
problems.  Thus,  addition  of  UDD  into  the 
electrolyte  of  chrome  plating  does  not  have  an 
alternative. 

The  conclusions: 

The  carried  out  investigations  shown  that  in  the 
presence  of  UDD  (UDD-content  of  1 5-30  g  per  I) 
the  microhardness  of  the  chrome  coatings  is 
increased  by  30-35%  (up  to  1400  kg/mm2),  the 
wear  of  that  coatings  is  decreased  from  15% 
(without  additives)  to  3%  (in  the  presence  of  15  g 
per  1  of  UDD  in  the  electrolyte)  and  to  1%  (in  the 
presence  of  3-6  g  per  1  of  ASM  0,1/0). 
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Fig.  2.  An  influence  of  UDD-  and  ASM-additives  on  the 
wear-resistance  of  chrome  coatings 
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OZONESAFE  COOLANTS  AND  SOLVENTS:  SYNTHESIS  AND 
OPTIONS  FOR  PRODUCTION,  PROPERTIES  AND  POTENTIAL 

APPLICATIONS 

Shatalov  V.V.,  Orekhov  V.T.,  Ryabakov  A.G.,  Skachedub  A.A.(l),  Lunin  A.I.(2) 

(1)State  Unitary  Enterprise  All-Russian  Research  Institute  of  Chemical  Technology,  Moscow, 

Russian  Federation 

(2)Moscow  Technical  University,  Russian  Federation 


Since  2001  international  legal  documents  on  the 
Earth  ozone  layer  protection  have  banned  Russian 
Federation  to  produce  ozone  depleting  substances 
(ODS),  i.e.  khladon-1 1,  -12  and  -13  -  coolants  and 
propellents,  khladon-1 13  and  tetrachloro-methane 
-  solvents,  bromine  containing  khladons  (halons)  - 
fire  suppressing  agents  [1]. 

Under  the  circumstances  during  the  transitional 
period  Russian  Federation  is  planning  to  stop  the 
consumption  of  ozone  depleting  substances  and  to 
make  the  various  fields  of  national  economy 
produce  and  use  ozonesafe  substances  and 
technologies. 

MinAtom  of  Russia  has  executed  such  works  since 
1988  owing  to  their  own  finance  and  made 
possible  for  State  Unitary  Enterprise  All-Russian 
Research  Institute  of  Chemical  Technology 
together  with  Kirovo-Chepetsk  Chemical  Plant  to 
carry  out  researches  in  the  ozonesafe  khladons  and 
solvents  syntheses. 

Methods  of  khladons,  solvents,  foaming  agents, 
fire  supressing  agents  syntheses  on  base  of 
depleted  hexafluorinated  uranium  (UF6)  have  been 
developed  and  ozonesafe  fluorine-organic 
substances  have  been  produced  [2,  3]. 

The  syntheses  of  the  following  substances  were 
studied  at  the  pilot  plants  and  experimental 
industrial  installations: 

HCFC: 

t 

122a:  CHC1=CC12  +  UF6  —  CHC1F-CC12F  +  UF4 

122a 

t 

132c:  CU2=CC\j  +  UF6  -+  CHF2-CC12F  +  UF4 

132c 

t 

142a:  CH2=CHC1  +  UF6  -»  CH2F-CHCIF  +  UF4 


HFC: 

t 

152:  CH2=CH2  +  UF6  -*•  CH2F-CH2F  +  UF4 

152 

t 

134a:  CH2=CF2+  UF6  ->  CH2F-CF3  +  UF4 

134a 

t 

CH3-CF3  +  uf6  ->  ch2f-cf3  +  hf  +  uf4 

143a  1 34a 

t 

125:  CH3-CF3  +  2UF6  -»  CF3-CHF2  +  2HF  +  2UF4 


FC: 

t 

116:  CH3-CF3  +  3UF6  -»  CF3  -  CF3  +  3HF  +  3UF4 

116 

t 

218:  CF3-CF=CF2  +  3UF6  -*  CF3-CFrCF3  +UF4 

218 

Proposed  technology  of  the  ozonesafe  compounds 
suntheses  with  the  help  of  UF6  has  the  following 
advantages  over  the  technologies  based  on  catalitic 
fluorization: 

-  the  construction  of  the  reactor  is  the  same; 

-  the  ratio  of  the  reagents  is  close  to  stoichiometric 
instead  of  large  excess  of  fluorizating  agent; 

-  the  low  temperature  of  the  synthesis; 

-  weak  vacuum  instead  of  pressure  of  3-1 0  atm. 

-  depleted  uranium  hexafluoride  utilization. 

As  a  result  of  the  research  works  of  State  Unitary 
Enterprise  All-Russian  Research  Institute  of 
Chemical  Technology  ,Kirovo-Chepetsk  Chemical 
Plant,  a  number  of  Moscow  enterprises  and  high 
educational  establishments  a  nomenclature  of 
ozonesafe  khladons  for  domestic  needs,  trade  and 
industrial  refrigerators  was  defined.  The  substances 
isolated  and  approved  in  Russia  were  given  the 
preference,  as  there  are  home  raw  materials  base, 
ready-made  technology  and  minimal  financial 
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outlays  would  be  necessary  for  their  introduction 
in  the  shortest  possible  time. 

Transitional  (up  to  2020)  ozonesafe  mixture  of 
khladons  X-22  +  X-142b  with  low  ozone  depleting 
potential  ODP=  0,02-0,04  was  investigated  in 
details  and  proposed  for  uses  instead  of  ozone 
depleting  coolant  X-12.  This  mixture  makes  it 
possible  to  utilize  equipment  both  new  and  old, 
which  had  run  on  khladon-12,  and  cheap  home 
mineral  oil.  Kirovo-Chepetsk  Chemical  Plant 
produces  up  to  lOOOt  of  this  mixture  annually,  this 
quantity  is  enough  both  for  needs  of  Minatom  and 
10  Russian  plants  of  domestic  refrigerators. 

The  most  promising  ozonesafe  coolant  is  CM-1 
(mixture  of  khladon-134,  -218  and  butane).  CM-1 
has  unlimited  period  of  work. 

Moscow  Technical  Univercity  calculated  the 
equation  of  state,  determined  heat  properties,  held 
exploitation  tests  for  both  mixtures  in  different 
types  of  refrigerators. 

Both  of  the  appointed  coolants  coexist  with 
mineral  oils,  electric  insulators  and  constructional 
materials  that  have  been  utilized  before,  that  is 
why  these  coolants  may  be  applied  in  new 
equipment  as  well  as  in  already  functioning 
equipment.  In  some  cases,  in  particular  in  two- 
compartments  refrigerators  ozonesafe  mixture 
coolants  make  it  possible  to  reduce  electric  energy 
consumption  up  to  10%  as  compared  with 
khladon-12.  Special  ozonesafe  noncombustible 
mixture  on  base  of  home  industrial  coolants  was 
chosen  for  climatic  chambers.  At  the  moment  the 
optimization  of  the  mixture  composition  to  replace 
X-13  is  executed  and  stand  tests  were  held  to 
confirm  the  calculated  parameters. 


All-Russian  Research  Institute  of  Chemical 
Technology  together  with  Kirovo-Chepetsk 
Chemical  Plant  elaborated  technology  and 
produced  experimental  industrial  batch  (~50t)  of 
ozonesafe  solvent  -  khladon-122a,  held  enlarged 
industrial  tests  in  Russia,  South  Korea  and 
apointed  the  most  promising  potential  applications 
[4]- 

Azeotropic  mixtures  on  base  of  khladon-122a  were 
developed  to  clean  the  metal  details.  They  have 
high  solvent  power  and  can  dissolve  a  number  of 
contaminations  and  technical  products.  Before  the 
industrial  manufacturing  of  khladon-122a  it  is 
recommended  to  make  use  of  stable  ozonesafe 
chlorine-organic  solvents  and  their  mixtures  with 
other  organic  solvents  to  remove  contaminations 
and  fat  from  various  technological  equipment. 


1.  Report  of  the  13-th  Conference  of  the  Parties 
of  the  Montreal  Statement  on  the  Substances 
Depleting  the  Ozone  Layer  (Sri  Lanka, 
Colombo,  October,  13-19,  2001). 

2.  A.N.Golubev,  V.U.Zakharov,  V.T.Orekhov  et 
al.  The  method  of  production  of  the  fluorine 
containing  substances  of  ethane  series.  Russian 
Patent  Xs  2030380. 

3.  A.N.Golubev,  V.U.Zakharov,  V.T.Orekhov, 
V.V.Shatalov  et  al.  The  method  of  khladon- 
134a  production.  Russian  Patent  X°  21 16287. 

4.  V.V.Shatalov,  V.T.Orekhov,  A.A.Skachedub. 
Khladon-122a  —  synthesis,  properties, 
applications.  The  theses  of  the  reports.  The  3-d 
International  Conference  ’’Chemistry, 
Technology  and  Applications  of  Fluorine- 
substances”  CTAF,  2001,  St.-Petersburg. 
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FUSION  WELDING  OF  PARTICULATE  REINFORCED  METAL  MATRIX 

COMPOSITES 

Chernyshov  G..  Shiganov  I.,  Panichenko  S. 

Bauman  Moscow  State  Technical  University,  Moscow,  Russia 


Metal  Matrix  Composites  (MMCs)  can  be 
reinforced  by  particulates,  continuous  fibers, 
chopped  fibers  or  whiskers.  Most  attention  is 
currently  to  particulate  reinforced  aluminium 
alloys,  magnesium,  titanium  and  copper  alloys. 
SiC  is  the  preferred  particulate  reinforcement, 
although  other  material  such  as  ceramic  phases 
A1203,  TiC,  B4C,  TiB2,  graphite  particles  and 
intermetallic  phases  Al3Ti,  Ni3Al,  NiAl  have  also 
been  used  in  matrix  alloys.  MMCs  are  now  widely 
used  for  structural  applications  due  to  low  cost 
and  more  high  properties  compared  to  most 
monolithic  metals  such  as  specific  strength, 
specific  stiffness,  hardness,  damping  capacity  and 
wear  resistance.  Selecting  the  kind  and  quantity  of 
particulate  reinforcement  and  matrix  chemical 
composition  can  tailor  a  level  of  particle/matrix 
intefactal  bouding  and  coefficients  of  thermal 
expansion  and  thermal  conductivity.  Existing  and 
potential  applications  for  MMCs  are  including: 
automative  drive  shaft  tubes,  cylinder  liners, 
aircraft  stabilizer,  heat  exchanger  material  for 
hypersonic  aircrafts  electrodes  for  power 
semiconductor  devices.  In  many  of  these 
applications  it  is  also  desirable  to  fabricate  of 
MMCs  into  complex  shapes  via  joining  processes. 
Joining  technologies  are  essential  for  practical 
application  of  MMCs, 

There  are  a  few  reports  about  the  fusion  joining  of 
the  MMCs,  from  wich  it  can  be  seen  that  main 
goal  into  these  processes  is  limitation  of  chemical 
reactions  at  the  particle/matrix  interface.  The  most 
of  the  MMC  systems  are  not  thermodynamic 
stable,  therefore  any  joining  process  that  involves 
high  heat  input  will  inevitably  upset  the  existing 
metastable  micro-environment.  In  particular, 
prolong  exposure  of  Al-based/SiC  particulate 
composites  at  reasonably  high  temperatures  may 
promote  reactions  between  the  matrix  and 
reinforcement,  in  that  the  formation  of  brittle  Al- 
carbide  phases  A14C3  would  cause  the  corrosion 
resistance  and  the  fracture  toughness  of  the  weld 
to  be  reduced  to  an  unacceptably  low  level.  The 
fusion  joining  of  these  MMC,  however,  is 
possible  if  the  duration  of  particle/melt  contact 
can  be  decreased  or  the  weld  pool  temperature  can 
be  kept  below  the  temperature  at  which  the 
formation  of  aluminium  carbide  is  inhibited  by 


silicon  content  in  the  aluminium  matrix  alloy 

[1,2]. 

An  additional  complication  of  fusion  welding  is 
the  increased  viscosity  of  the  molten  pool  due  to 
presence  of  the  particles  and  the  products  of 
interfacial  reactions.  The  high  viscosity  and  lesser 
wetting  of  this  molten  region  prevents 
manipulation  of  the  pool.  During  laser-beam 
welding  the  viscous  drag  effect  of  the 
reinforcement  results  in  lack  of  fusion.  The 
addition  of  filler  alloys  has  been  used  successfully 
to  improve  the  fluidity  of  the  weld  pool, 
especially  during  gas  metal  arc  welding. 

MMCs  produced  by  powder  metallurgy 
techniques  are  often  subject  to  the  formation  of 
porosity  in  the  fusion  zone  and  heat-affected  zone. 
The  porosity  is  caused  by  the  presence  of  large 
amounts  of  hydrogen  associated  with  the  oxides 
on  the  surface  of  the  metal  powder.  Upon  melting, 
the  hydrogen  coalesces  and  forms  large  pores  in 
the  weld.  Another  concern  of  fusion  welding  is 
the  rejection  of  the  particles  by  the  solidification 
front  and  damage  of  the  uniform  particle 
distribution  in  matrix.  It  appears  from  published 
works  [3,4],  that  during  argon  tungsten-arc 
welding  of  SiCp-Al  alloy  (AJI2)  composites  the 
ceramic  particles  generally  do  not  melt  or  do  not 
dissolve  in  weld  pool,  however  near  to  a  line  of 
fusion  and  in  central  fusion  zone  by  weld  surface 
is  possible  the  formation  of  zone  free  from 
particles.  The  size  of  these  zone  a  depend  on 
welding  conditions.  At  minimum  power  density  of 
welding  it  is  possibte  to  receive  more  uniform 
macro  structure  of  a  weld,  best  particle  distribution 
in  matrix,  major  dispersity  of  matrix  structure 
compounds. 
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Introduction 


Results  and  Discussion 


It  is  well  known  that  oxides  formed  by  A1  and  Cr 
under  high  temperature  make  strong  adhesion  to 
substrates.  AIN  and  CrN  are  believed  to  be  high 
temperature  protective  coating  materials  due  to  the 
high  excellent  oxidative  resistance.  The  high 
temperature  oxidation  characteristics  of  Al-Cr-N 
films  composed  of  AIN  and  CrN  may  be  superior  to 
that  of  Ti-Al-N  films  that  have  been  widely  used 
under  severe  oxidation  environment.  We  have 
proposed  and  discussed  Al-Cr-N  films  composed  of 
AIN  and  CrN.  This  study  deals  with  the  high- 
temperature  oxidation  properties  of  Al-Cr-N  films 
that  were  deposited  using  a  DC  reactive  sputtering 
apparatus. 


Experimental 

Commercial  Stainless  steel  sheets  and  SKH5 1  steel 
sheets  were  used  as  substrate  materials.  Since  Al/Cr 
ratios  of  the  targets  are  considered  to  be  important 
for  the  performance  of  the  films  in  the  reactive 
sputtering  method,  three  different  Al/Cr  ratio 
targets,  Type  A  (75at%A125at%Cr),  Type  B 
(50at%A150at%  Cr)  and  Type  C 
(25at%A175at%Cr)  were  selected.  Targets  of  pure 
Al,  Cr,  Ti  and  Al-Ti  (50at%Ti  50at%Al)  were  used 
to  make  AIN,  CrN,  TiN  and  Ti-Al-N  films.  GDetails 
of  a  dc  magnetron  sputtering  apparatus  used  in  this 
study  were  already  described  previously1^. 

The  samples  were  heated  at  800G,  9003  and 
1000D  in  air  for  10  min  and  60  min  followed  by  air 
cooling.  The  oxidized  films  were  characterized  by  a 
low  angle  X-ray  diffraction  (XRD).  The 
compositional  depth  profiles  of  the  oxidized  films 
were  measured  by  auger  electron  spectroscopy 
(AES).  The  oxidation  properties  of  Al-Cr-N  films 
were  compared  with  a  Ti-Al-N  film  by  the 
thermogravimetric-differential  thermal  analysis 
(TG-  DTA )  method. 


Figure  1  shows  the  XRD  patterns  of  Al-Cr-N  films 
after  oxidation  at  800  □  and  1000  □  for  60  min. 
The  crystal  structure  of  Al-Cr-N  films  was  B1 
(NaCl)  type  in  the  range  up  to  50  at%  of  aluminum 
and  B4  (Wurtzite)  type  over  75  at%  of  aluminum. 
Any  oxide  crystals  were  not  detected  on  the 
films(Type  A,  B  and  C)  heated  at  800Dfor  60  min 
in  air.  The  crystal  structure  of  Al-Cr-N  films  heated 
at  800  □  is  almost  the  same  as  that  of  at  room 
temperature. 


20  (CuKo) 

Figure  1  X-ray  diffraction  .  patterns  of  Al-Cr-N 
films  heated  at  800 □  and  1000D  for  60  min 
followed  by  air  cooling,  (a);  Type  A,  (b);  Type  B, 
(c);  Type  C. 
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The  Al-Cr-N  films  (Type  A)  quenched  from 
1000Q  (Fig.  1(a))  didn’t  form  the  crystal  structure 
of  oxides.  The  diffraction  pattern  (Fig.  1(b)) 
observed  in  Al-Cr-N  films  (Type  B)  at  1000D 
showed  strong  crystallized  peaks  of  AI2O3.  And  the 
Al-Cr-N  films  (Type  C)  at  1000  informed  the  weak 
crystallized  AI2O3  and  Q2O3. 

Figure  2  shows  the  depth  profiles  of  AES  analysis 
for  Al-Cr-N  films  quenched  from  1 000  □  The 
distribution  of  aluminum,  chromium  and  nitrogen  is 
very  uniform  in  the  films.  The  composition  ratio  of 
A1  and  Cr  of  the  film  approximately  agrees  with  the 
composition  ratio  of  the  target.  Thickness  of  the 
films  before  oxidation  was  approximately  1.5  On. 
The  protective  layers  of  A1  oxides  and  Cr  oxides 
were  observed  on  top  of  the  Al-Cr-N  films  (Type 
A,  Type  B  and  Type  C).  It  is  found  that  the  oxide 
layer  thickness  of  Al-Cr-N  film  made  from  Type  B 
is  the  thinnest  of  the  three  Al-Cr-N  films. 

In  order  to  investigate  the  high  temperature 
oxidation  characteristics  of  the  Al-Cr-N  films,  the 
samples  were  heated  in  air  for  60  min  and 
quenched.  Exfoliation  was  not  recognized  in  any 
film  quenched  from  900 Q  however,  those 
quenched  from  1 000  □  exfoliated  except  for  the 
sample  using  Type  B  target.  Then  the  films  made 
from  Type  B  target  shows  a  strongest  resistance 
against  oxidation. 

The  TG-DTA  measurements  showed  oxidative 
resistance  up  to  1200  °C,  1210  °C  and  1260  °C  for 
the  Al-Cr-N  films  prepared  using  targets  of  type  A, 
C  and  B  respectively.  These  values  are  higher  with 
about  200Dcompared  to  that  of  the  Ti-Al-N  films 
prepared  also  by  dc  reactive  sputterings. 

Conclusions 

(1)  Any  oxide  crystals  were  not  detected  on  the  Al- 
Cr-N  films  (Type  A)  heated  at  1 000  [U for  60min  in 
air.  The  Al-Cr-N  films  (Type  B)  formed  the 
crystallized  AI2O3.  The  Al-Cr-N  films  (Type  C) 
formed  two-phase  mixtures  of  crystallized  AI2O3 
and  Cr203. 

(2)  The  protective  layers  of  A1  oxides  and  Cr 
oxides  were  formed  on  top  of  the  Al-Cr-N  films 
(Type  A,  Type  B  and  Type  C)  heated  at  lOOOdfor 
10  min  in  air. 


Figure  2  Auger  depth  profiles  of  the  Al-Cr-N  films 
quenched  from  1000D  The  samples  were  annealed 
for  1 0  min  in  air. 


(3)  The  oxidative  resistance  of  the  Al-Cr-N  films 
were  improved  by  more  than  200  □  compared  to 
that  of  the  Ti-Al-N  films. 
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The  thermal  investigation  of  the  studied  aluminum 
alloy  is  carried  out  during  its  cooling  process.  Our 
research  has  shown  that  heat  transfer  between  hot 
aluminum  surface  and  cooling  system  depends 
upon  several  parameters.  The  most  important  and 
decisive  parameters  are  the  sprayers  geometrical 
dimensions  and  the  fluid-dispersing  coefficient. 
The  last  one  represents  the  ratio  between  the 
amount  of  pulverised  cooling  fluid  and  the 
temperature  of  the  cooled  surface.  The 
experiments  were  conducted  in  the  specially  built 
test  rig.  Temperatures  are  measured  for  a  series  of 
tests  involving  several  sprayers  of  different 
geometry  and  various  dispersing  coefficients.  The 
obtained  results  are  comparable  to  those  of  two- 
phase  high  volume  boiling  regime.  The  change 
from  nucleating  boiling  regime  to  film  boiling  is 
observed  at  a  mean  critical  temperature. 

The  suitable  numerical  algorithm  of  Adaptive 
Iterative  Filter  (AIF)  is  used  for  solving  number  of 
non-linear  unsteady  external  and  combined 
inverse  Heat  Transfer  Problem  (IHTP)  that 
appeared  during  investigation.  Specifically,  AIF 
has  been  proposed  to  identify  the  influences  of  the 
sprayer  properties  on  the  convection  heat  transfer 
coefficient  of  two-phase  regime  during  the 
process  of  intensive  cooling  of  aluminum  ingot. 

The  well-known  method  of  Adaptive  Iterative 
Filter  [1]  has  been  proposed  and  previously  used 
as  a  mathematical  and  numerical  instrument  for 
identification  of  thermophysical  and  technological 
parameters  including  simultaneous  identification 
of  different  thermal  parameters  [2-4],  for  solving 
IHTP  [3,  5  -  7]  and  optimum  control  problems  [1, 
8],  for  thermal  system  simulation  [1,5,  8],  etc. 

As  known,  the  inverse  problems  are  ill-posed  ones 
in  sense  of  existence,  uniqueness  and  stability 
and,  as  such,  in  general  case  they  do  not  have  a 
universal  solution.  Therefore,  on  the  stage 
preceding  the  actual  solving  real  inverse  problem, 
the  simulating  inverse  analysis  should  be  done. 
This  analysis,  which  include  the  solution  of 
methodical  inverse  problem,  are  required  to 
investigate  the  range  of  stability  of  the  obtained 
results.  The  above  simulation  allows: 


•  To  design  the  test  plan  that  includes  but  is 
not  limited  to  determination  of  the 
influence  on  the  identification  results  of 
position  and  number  of  temperature 
measured  devices. 

•  To  figure  out  the  optimal  numerical 
algorithm  of  AIF  that  allows  refinement 
or  updating  the  measurement  and 
covariance  matrices  to  indicate  reliability 
of  the  estimates. 

•  To  optimize  a  weight  matrix  of  AIF 
associated  with  each  problem  under  study. 

The  proposed  approach  can  be  utilised  at  the 
aluminum  manufacture  facilities  to  optimize  the 
properties  of  fluid’s  spray  during  the  cooling  of 
aluminum  ingots.  The  method  of  adaptive 
iterative  filter  could  be  used  as  a  powerful  method 
for  solving  the  similar  inverse  problems  as  well  as 
problems  for  porous  materials  and  cooling 
electronic  systems. 
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Great  promise  of  the  employment  of  termionic 
nuclear  energy  units  (TNEU)  for  power  service  of 
space  stations  makes  the  problems  of  guarantee  of 
their  effectiveness  and  long-life  to  be  extremely 
actual.  These  problems  equally  concern  with  other 
wide  field  of  potential  application  of  termionic 
energy  converters  (TEC)  such  as  utilization  of 
irreversibly  lost  heat  by  heat  electrical  power 
stations  and  by  metallurgical  industry  .Decision  of 
such  problems  is  to  a  considerable  extent 
determined  by  achievement  of  suitable  values  of 
characteristics  of  TEC  basic  units  namely  of  the 
tube  electrodes  and  in  the  first  of  the  emitters. 
Emitter  shells  serve  in  extreme  conditions 
(temperature  up  to  2100  K  and  internal  stresses 
about  10  MPA).  Apart,  they  are  in  the  conditions 
of  reactor  irradiation  with  nuclear  fuel  in  and 
cesium  plasma  out  the  tube.  Since  interelectrode 
gap  (IEG)  in  TEC  is  a  small  part  of  millimeter  the 
questions  of  high  shape-stability  (extremely  low 
high  temperature  creep  rate)  of  emitter  shell  are  of 
the  fundamental  importance.  Besides,  the  shell 
material  should  be  the  effective  diffusion 
enclosure  relatively  to  neutron  fuel  and  its  decay 
resultants  in  IEG.  Mentioned  requirements  are 
related  to  emitter  material  as  construction  material. 
On  the  other  hand  not  less  strong  requirements 
have  been  made  to  this  material  as  to  functional 
one.  The  main  of  them  is  the  extremely  high 
emission-adsorption  behavior  at  temperatures 
higher  than  2000  K  to  ensure  the  required  level  of 
output  electric  power. 

Carried  out  during  the  last  half  of  left  century  of 
study  uniquely  have  determined  tungsten,  as  the 
basic  emitter  material  of  TEC.  In  former  USSR 
was  made  selection  for  the  benefit  of  tungsten  in  a 
single-crystal  state,  the  methods  of  deriving  of 
crystallographic  oriented  tungsten  tubes  were 
elaborated.  From  the  point  of  view  of  usage  of 
such  materials  in  modem  TEC  with  the  easily 
ionizable  component  of  cesium  in  an  IEG,  the 
maximal  interest  was  introduced  with  the  most 
highly-packed  plane  of  tungsten  (110).  This  plane 
ensures  a  maximum  high  scale  of  coating  of  a 
tungsten  surface  at  a  high  temperature  adsorption 


of  cesium,  i.e.  plays  a  defining  role  in  formation 
in  working  TEC  of  the  effective  metal-film 
cathode  W-Cs,  generated  current,  supplying  high 
output  power. 

Today  developers  of  termionic  TEC  use  single¬ 
crystal  tungsten  tubes  with  a  cylindrical  lateral 
surface  and  with  axial  orientation  <1 1 1>.  At  such 
orientation  6  poles  with  most  favorable  orientation 
<1 10>  go  out  on  a  cylinder  surface.  The  plane  of 
single-crystal  tungsten  with  indexes  (110)  has 
maximal  for  tungsten  a  work  function  5.3  eV  and 
maximal  adsorption  capacity.  However  polyside 
tubes  at  its  best  have  a  work  function  5.0  aB.  Such 
tubes  are  made  on  capacity  vapor  deposition 
(CVD)  “chloride”  technology  by  epitaxial 
precipitation  of  tungsten  on  molybdenum 
undercoat  with  the  applicable  orientation.  By  the 
published  data  obtained  on  the  experimental 
prototypes,  the  output  power  such  TEC  does  not 
reach  8  W/cm2.  The  creep  rate  of  a  material  of 
such  tubes  is  not  lower  10'9  s'1,  i.e.  the  period  of 
their  reliable  exploitation  does  not  exceed  2  years. 

In  the  given  paper  the  technologies  are  esteemed 
permitting  it  is  essential  to  augment  both  work 
function,  and  high  temperature  strain  resistance  of 
single-crystal  tungsten  tubes.  First  of  all,  there  is  a 
creation  of  tubular  electrodes  with  monoside  (110) 
cylinder  surface.  It  means,  that  in  any  point  of  a 
lateral  surface  of  a  tube  the  orientation  practically 
does  not  differ  or  differs  from  (110)  plane 
orientation  very  little. 

In  this  point  of  view  two  concepts  of  monoside 
tubes  are  esteemed.  One  of  them  is  the  logical 
progressing  of  CVD  technologies  of  polyside 
tubes.  In  this  case  tungsten  is  epitaxially  deposited 
on  a  cylindrical  molybdenum  undercoat  with  axial 
orientation  <11 1>  up  to  self  facing  a  settling  by 
crystal  planes.  Adsorption-kinetic  conditions  of 
epitaxy  are  selected  by  such,  that  facing  originated 
by  plains  (110).  In  the  total  the  single-crystal  tube 
receives  with  a  cylindrical  internal  surface,  faced 
outside  by  six  planes  (110).  It  is  reached  in  that 
case,  when  in  a  gas  phase  of  process  enter  the 
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oxygen  component  shifting  adsorption  dynamics 
on  a  surface  of  rising  planes  in  such  a  manner  that 
,  the  plane  (110)  becomes  slowly  rising  and,  in  the 
end,  habit  forming.  Thus  has  appeared,  that  the 
part  of  oxygen  remains  in  a  crystal,  forming  solid 
quasi-solution  in  tungsten  with  concentration  up  to 
10'2  wt  %.  This  circumstance  by  a  cardinal  image 
influences  emission  characteristics  of  such 
"oxygenated"  tungsten.  The-  completely 
unexpected  temperature  dependence  of  a  work 
function  was  obtained  and  the  high  values  of  this 
performance  for  hexagon-side  tubes  (up  to  5.8  oB) 
are  reached  anomalously.  Usage  of  such  tubes 
(turn  on  the  cylinder)  as  emitters  of  experimental 
TEC  has  allowed  even  in  this  case  to  increase  a 
level  of  output  electric  power  up  to  25  W/cm2.  In 
the  long  term,  the  high  level  of  output 
characteristics  can  be  elaborated  much  less 
"porous"  and  more  effective  from  the  point  of 
view  of  power  and  mass-dimensional  parameters. 

However  this  new  concept  has  not  given  anything 
new  in  the  field  of  a  heightening  shape-stability  of 
emitter  shells,  since  the  high  temperature  creep  of 
a  material  of  shells  has  remained  practically  at  a 
former  level. 

Other  concept  of  monoside  tungsten  tubes  differs 
by  the  principally  new  approach  to  know-how  of 
their  forming.  This  approach  was  proposed  by 
Kononenko  and  his  colleagues  and  was  carried  to 
a  state  of  pilot  production.  The  essence  here  is 
encompassing  by  usage  of  technological  reception, 
known  in  multi-tonnage  tube  production,  helical 
twisting  of  steel  pipe  blanks  with  their  consequent 
welding  on  a  helical  junction.  In  this  case  single¬ 
crystal  (110)  tungsten  bars  were  twisted  and 
welded.  Twisting  was  effected  at  high  temperature 
on  a  special  tube  mandrel  of  necessary  diameter. 
The  welding  of  a  helical  joint  was  carried  out  by 
an  electron  beam. 

The  internal  essence  of  happening  is  that  at 
particular  technological  conditions  of  hot  twisting 
and  annealing  in  a  material  the  strengthening 
dislocation  substructure  representing  a 
homogeneous  net  of  close  located  subboundaries 
of  one  sign,  composed  predominantly  from  edge 
dislocations  also  of  one  sign  will  be  formed.  Such 
dislocation  distribution  with  total  density  up  to  10' 
2  cm'2  ensures  a  considerable  angle  of  integral 
misorientation  of  substructure  ( 5 ),  with  which  one 


_2 

the  creep  rate  ( £ )  correlates:  £  cc  8  .  Enough 

homogeneous  on  a  bulk  the  distribution  of 
subboundaries  prevents  the  appearance  of  long- 
range  fields  of  elastic  stresses  and  consequently 
allows  to  avoid  recrystallization  of  a  material 
during  its  heating  up  to  working  temperature.  In 
result  the  steady  state  creep  rate  of  emitter  shells 
from  such  material  at  temperature  2073  K  and 
internal  stress  10  MPa  reaches  record  low  values 
10'12-10'"  s'1.  Thus,  the  substructure-strengthened 
tungsten  single-crystal  obtained  on  "deformation" 
know-how,  in  conditions  of  high  temperature 
creep  becomes  a  unsurpassed  constructional 
material.  The  indicated  level  of  creep  ensures 
rather  long-life  shape-stability  of  emitter  shells  in 
service  conditions,  that  eliminates  this 
performance  from  a  list  of  probable  reasons 
confining  durability  of  TNEU. 

However  if  to  judge  under  the  preliminary  items 
of  information,  this  new  concept  and  this  new 
material  do  not  give  anything  new  in  a  functional 
sense  with  reference  to  its  usage  in  an  emitter  unit 
of  TEC.  The  work  function  of  an  emitter  shell  of 
this  material  is  5.0  eV,  that  is  instituted  by  high 
density  of  defects  of  the  latter.  The  truth,  is 
necessary  to  be  stipulated,  that  in  this  case  high 
and  correctly  organized  defects’  density  of 
tungsten  will  be  doubtless  to  be  tracked  by  a 
heightening  of  its  high  temperature  adsorptive 
capacity.  On  these  reasons,  the  final  deductions 
can  be  made  only  after  trials  of  experimental  TEC 
with  emitters  from  monoside  tungsten  obtained  on 
"deformation"  technology. 

In  any  case,  from  the  reported  results  the 
deduction  about  perspective  of  the  alternative 
combining  both  reviewed  concepts  arises.  There  is 
two-layer  a  monoside  emitter  shell,  in  which  one 
the  substructure  strengthened  tube  obtained  on 
"deformation"  know-how,  serves  a  undercoat  for 
epitaxial  precipitation  on  CVD  technology  of  a 
layer  of  oxygenated  tungsten.  Thus  it  will  be 
possible  to  aggregate  in  one  article  record  levels 
both  functional  and  constructional  materials.  Such 
unite  are  harboring  miscellaneous  capabilities.  For 
example,  as  a  strengthening  undercoat  it  is 
possible  to  take  monoside  molybdenum  tube,  the 
substructure  by  which  one  will  be  inherited  by  an 
epitaxial  tungsten  undercoat,  and  then  this 
undercoat  to  eliminate.  The  alternative  versions 
are  possible  also. 
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The  problems  of  thermal  protection  and  thermal 
control  of  constructions  exist  in  various  branches 
of  engineering  and  industry  (aerospace,  power 
engineering,  metallurgy,  ceramic  industry).  At 
present  time  there  are  many  methods  thermal 
protection  and  corresponding  structures.  In  the 
most  degree  this  direction  of  investigations  is 
developed  in  aerospace  engineering  [1,  2,  3]. 
Selection  of  method  and  creating  of  thermal 
protection  structure  depend  on  operating 
conditions  of  protecting  object,  first  of  all,  values 
and  difference  of  environment  and  object 
temperatures,  gas  media  composition  and 
pressure,  geometric,  weight,  firmness  of  thermal 
protection  structure,  physical-chemical 
compatibility  of  using  materials  in  surmising 
temperatures  and  gaseous  media. 

In  present  work  the  thermal  protection  structures 
intended  for  numerous  missions  and  long  time 
exploitation  constructions  are  considered.  In  this 
case  the  passive  methods  of  thermal  protection  are 
preferable.  Realization  of  these  methods  do  not 
demand  heat  exchangers,  ablative  and  sublimation 
materials,  physical-chemical,  in  that  number 
phase  transformations,  mass  -  change  and  other 
processes  with  heat  absorption.  By  present  time 
the  known  passive  thermal  protection  systems  are 
monostructures  of  two  types.  The  structures  of  the 
first  type  are  manufactured  of  thermal  insulation 
materials  of  specific  thickness,  which  depends  on 
heat  load  and  is  selected  on  the  basic  of 
calculations  or  experiments.  In  particular,  such 
approach  was  used  in  high  temperature  thermal 
protection  systems  of  “Space  Shuttle”,  “Buran” 
and  other  aerospace  vehicles  as  well  as  various 
high  temperature  furnaces.  The  similar  approach 
isused  for  thermal  protection  of  constructions 
operating  at  low  temperatures  down  to  cryogenic 
temperatures.  Further  progress  of  this  thermal 
protection  systems  type  is  provided,  in  the  main, 
by  means  of  creating  the  new  rigid  and  flexible 
materials  with  improved  thermophysical 
properties.  Other  type  of  effective  passive  thermal 
protection  structures  is  a  set  of  parallel  high 
reflective  screens,  which  are  used  in  vacuum 


conditions.  These  structures  (multiscreen  vacuum 
insulation)  widely  applied  in  thermal  control 
systems  of  space  vehicles  as  well  as  in  cryogenic 
engineering  at  relatively  low  temperatures 
(T<500K  ).  At  that  the  screens  are  manufactured 
of  polymeric  films  with  metallic  coatings. 
Furthermore  similar  structures  are  used  at  high 
temperature  in  electric  thermic  vacuum  furnace. 
In  this  cases  the  screens  are  manufactured  of  high 
temperature  metal  (molybdenum,  tungsten, 
tantalum)  and  applied  at  temperature  T>2000K. 

In  proposed  report  the  following  investigations 
will  be  presented: 

1) The  numerical-experimental  method  for 
studying  heat  transfer  in  multiscreen  thermal 
protection  structures.  Experimental  part  contains 
the  test  of  a  model,  consisting  of  three  screens, 
irradiated  by  the  known  radiant  flux.  The  test 
results  include  the  determination  radiant 
characteristics  and  temperatures  screens. 
Mathematical  model  and  numerical  alghoritm 
permit  on  the  basic  of  above  experimental  data  to 
evaluate  the  heat  transfer  and  thermal  resistance 
of  multiscreen  structures,  consisting  of  arbitrary 
number  screens.  The  investigation  of  series  of 
multiscreen  structures  were  performed. 

2)  The  method  and  facility  for  experimental 
studying  effective  thermal  conductivity  of 
insulation  materials,  mono-  and  multilayer 
structures,  consisting  of  various  materials  as  well 
as  the  transient  thermal  regimes  of  above 
objectswere  developed.  The  facility  permits  to 
carried  out  the  investigation  in  temperature  range 
T=500-2000K  and  gas  pressure  P=10°-105  Pa.  By 
present  time  the  experimental  data  were  obtained 
for  many  porous  insulation  materials. 

3)  The  method  for  comparative  analysis  of  heat 
resistance  of  above  types  thermal  protection 
structures  is  developed.  The  numerical 
comparison  for  the  known  insulation  materials 
and  multiscreen  systems  were  carried  out. 
Calculation  results  obtained  for  known  modem 
and  advanced  screen  materials  and  thermal 
insulation  materials  and  reflective  coatings  as  well 
as  porous  insulation  materials  permit  to 
determined  the  temperature  ranges  preferable  in 
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dependence  on  operating  conditions  for  using 
either  multiscreen  systems  (T<1000K)  or  porous 
insulation  materials  (T>1500K). 

4)  On  the  basic  result  obtained  it  is  proposed 
combined  thermal  protection  structures  consisting 
of  two  substructures,  set  successively  relatively 
temperature  gradient  in  structure.  The  first  and 
second  substructures  are  manufactured  of  high 
temperature  porous  material  and  high  reflective 
screens  accordingly.  Calculation  results 
demonstrate  using  multiscreen  substructure  in  low 
temperature  zone  of  structure  provides  the 
significant  increasing  a  thermal  resistance  of  one 
These  approach  permit  to  optimize  the  thermal 
protection  structures  destined  for  application  at 
high  maximum  temperatures  (T  >  1500K)  and 
large-scale  difference  (AT  >  1000K)  due  to 
reducing  thickness  and  weight  of  ones  in 
comparison  with  porous  insulation  monostructure. 
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The  method  of  volumetric  alloying  of  metal 
materials  is  carried  out  at  deep  penetration  of 
disperse  particles  (inclusions)  as  a  result  of 
explosive  influence.  Disperse  particles  dispersed 
by  energy  of  explosion  punch  a  target  as  a  result  of 
overcoming  forces  of  intermolecular  links,  raising 
before  themselves  shock-plastic  waves  and  moving 
area  of  a  high  pressure  that  results  in  formation  of 
a  zone  of  strongly  disordered  condition  of  a  matrix. 
For  a  way  of  movement  of  a  particle  the  channel  is 
formed  separating  it  from  a  matrix  and  creating  an 
own  field  of  stresses.  Channels  are  partially 
collapsed.  The  particle  may  be  in  the  channel,  but 
its  mechanical  coupling  with  a  matrix  is  also 
possible  then  the  new  phase  boundary  on  type 
welding  by  explosion  is  formed  and  a  stress  field 
from  a  particle  is  created  which  character  is 
determined  by  discrepancy  of  radiuses  of  a  particle 
and  the  channel,  constrained  by  strain  of  a  matrix 
and  an  inclusion. 

Structural  changes  of  character  near  to  channels 
(channel  zones)  and  near  to  braked  particles  at 
materials  with  different  type  of  a  lattice  (Armco- 
iron,  steel  E3  and  08X18N10T,  Mo,  Ti)  are 
revealed  which  allowed  establishing  the 
mechanism  of  hardening  at  explosive  alloying.  The 
thin  layer  of  a  matrix,  adjoining  to  walls  of 
channels,  undergoes  amorphization  and  superficial 
saturation  by  elements  of  particles.  Character  of 
relaxation  processes  testifies  that  the  local  high¬ 
speed  deformation  takes  place  which  has  resulted 
in  formation  of  complex  dissipative  structures  - 
fragmented,  cellular,  crossed  dispositions  along 
trajectories  of  movement  of  particles  on  which 
background  zones  of  the  located  deformation  were 
allocated,  the  curved  doubles,  large-scale 
heterogeneity  crystallographic  orientations  of  e- 
martensite,  packages  of  defects  of  the  packing,  the 
split  borders  and  dispositions. 

Martensitic  transformation  caused  by  explosive 
influence,  has  strongly  pronounced 
crystallographic  selectivity.  Explosive  kinetic  of 
transformations  results  in  formation  of  the  certain 


ensembles  flat  martensitic  crystals.  According  to 
the  wave  theory  of  martensitic  transformations, 
origin  and  growth  of  e-martensite  crystals  is 
accompanied  by  energy  liberation  and  its  part  at 
origin  of  e-martensite  goes  on  excitation  of 
displacement  waves  which  at  a  stage  of  crystals’ 
growth  are  stabilized  due  to  energy  of 
transformation  and  providing  the  deformation 
necessary  for  overcoming  of  a  barrier,  dividing  y- 
and  e-conditions.  The  lamellar  form  of  e- 
martensite  crystals  is  connected  to  the  two-wave 
concept  of  managerial  process  by  their  growth 
according  to  which  loss  of  stability  y-conditions  is 
connected  to  area  of  imposing  of  two  managing 
waves  of  displacement  as  pulses  with  the  flat 
fronts,  made  of  quasi-longitudinal  flat  waves.  The 
heterogeneous  nature  of  origin  of  e-martensite  on 
dispositions  and  defects  of  packing  is  compatible 
to  a  wave  picture  of  growth  of  martensite  crystals, 
and  process  of  their  formation  elastic  field  of  the 
dislocation  origin  centre  is  influenced. 

Near  to  channels,  channel  zones  and  particles  non¬ 
equilibrium  structures  with  high  charging  density 
of  dispositions  and  extensive  far-ranging  stresses 
are  formed.  Distinction  in  character  of  relaxation 
processes  is  caused  by  type  of  lattice  of  a  matrix 
and  equal  energy  of  stacking  fault. 

To  features  of  the  titan  structure  after  processing  it 
is  necessary  to  relate  folded  and  circular 
configurations  which  are  found  out  in  all  structural 
zones.  At  explosive  influence  concentration  of 
point  defects,  in  particular,  vacancies  sharply 
grows  that  cause  a  lot  of  structural  effects: 
gradients  of  concentration  of  vacancies  change 
effective  factors  of  diffusion  and  self-diffusion 
which  essentially  grow;  when  concentration  of 
vacancies  becomes  non-equilibrium,  their 
redistribution  occurs,  a  leaving  to  dispositions  and 
other  drains,  in  result  crawling  and  growth  of 
regional  occurs  in  a  diffusion  field,  dispositions 
become  unstable  and  may  change  the  form.  At 
buckling  of  dispositions  aside  their  movements  the 
gradient  of  a  field  of  vacancies  grows  that  results 
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in  increase  of  a  stream  of  vacancies  at  a  dislocation 
center  and  its  further  buckling;  the  vacancy 
structure  becomes  unstable  and  breaks  up,  that 
results  in  formation  point  defects’  clusters, 
collapsing  of  vacancy  disks  occurs,  and  dislocation 
loops  in  the  size  100-300  A  are  formed.  It  is 
necessary  to  note,  that  in  the  titan  it  is  not  revealed 
coordination  of  concentration  of  these  dislocation 
loops  with  the  general  density  of  dispositions  on 
structural  zones. 


On  the  basis  of  the  carried  out  researches  the  way 
of  hardening  of  surfaces  of  the  products  is  offered, 
including  cyclic  influence  on  a  surface  by  high¬ 
speed  jets  of  working  substance.  The  group  of 
technologies  is  developed  and  tested  and 
experimental  batches  of  various  products  with  the 
increased  operational  stability  are  manufactured. 


Moving  particles,  affecting  resistance  on  the  part 
of  a  matrix,  reduce  the  speed,  broken  and  stopped. 
In  places  of  their  braking  arise  the  far-ranging 
fields  of  stress  inducing  relaxation  processes  which 
have  obviously  wave  nature.  Shock  waves  raise 
pulses  of  impact.  Stress  waves  generated  by  these 
processes,  being  imposed,  and  form  superposition 
of  pulses.  Relaxation  processes  near  to  particles  are 
carried  out  by  consecutive  dumps  of  stresses  as  a 
result  of  emission  from  borders  a  particle  -  matrix 
of  defects  (dispositions  and  disclination). 
Relaxation  shifts  owing  to  non-isotopic  of 
transmitting  streams  inevitably  derivate  a  field  of 
the  rotary  moments  working  on  a  particle  and  an 
adjoining  zone  of  a  matrix.  High-frequency 
fluctuations  of  particles  and  grains  of  a  matrix 
serve  in  shock  waves  the  reason  of  occurrence  of 
turbulent  plastic  current.  Streams  of  the  defects 
proceeding  from  particles,  form  new  sources  of 
power  fields. 

Presence  stress  fields  close  to  broken  particles 
testifies  to  occurrence  spidery  extinction  contours 
of  wave  type  which  character  testifies  about  them 
elastoplastic  origin.  In  all  cases  these  fields  are 
shielded  by  a  field  of  the  dispositions  arising 
around  of  particles.  Extinction  contours  have 
arisen  as  a  result  of  localization  of  whirl 
deformation  in  a  place  of  braking  of  particles.  This 
fixed  condition  of  the  plastic  deformation 
proceeding  at  impact  with  very  high  speed  and 
resulting  in  occurrence  of  strong  stress  fields  of 
elastoplastic  character  around  of  particles. 

Process  of  hardening  of  metal  materials  at 
explosive  alloying  is  multiple-factor  and  agrees  an 
additive  principle  includes  making  explosive 
hardenings,  reinforcing  by  channels  or  channel 
zones,  amorphization,  micro-alloying  at  particles 
dissociation,  dispersive  hardening  by  particles, 
deformation  hardening  and  far-ranging  fields: 

O  ”  (Texp  Orein  ^amor  ®al!oy  ®disp  ^def  ^far-r 
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OBTAINING  OF  a-Si3N4  -  BASED  COMPOSITE  UNDER  COMBUSTION 

MODE 

Borovinskaya  I.P.,  Zakorzhevskv  V.V. 

Institute  of  Structural  Macrokinetics  and  Materials  Sciences  Problems,  Chemogolovka,  Russia 
Introduction 


Silicon  nitride  is  widely  used  as  a  material  for 
producing  structural  ceramics  characterized  by 
high  strength,  hardness,  and  crack  resistance.  The 
items  produced  from  the  material  can  successfully 
work  under  a  wide  range  of  temperatures  (up  to 
1400°C),  they  are  stable  to  acids,  alkalis,  melted 
salts  and  metals. 

Creation  of  composite  materials  based  on  a-Si3N4 
allowed  us  to  improve  the  properties  of  silicon 
nitride  ceramics.  The  best  results  were  obtained  in 
the  case  of  Si3N4-SiC  composite,  in  which  silicon 
carbide  can  exist  as  fibers  or  nanoparticles. 
Conventionally,  such  materials  are  obtained  by 
thorough  mixing  of  preliminarily  synthesized 
initial  components  in  a  liquid  medium  with  the 
following  drying  and  dispersing  of  the  mixtures 
obtained.  The  paper  describes  some  synthesis 
peculiarities  and  properties  of  composite  materials 
based  on  Si3N4  and  obtained  under  the  combustion 
mode. 

Experiment 

The  synthesis  was  carried  out  in  an  SHS  reactor  of 
30  I  capacity.  The  combustion  temperature  was 
determined  by  thermocouples  WRe5/WRe20.  The 
specific  surface  area  was  established  by  the  BET 
method  according  to  nitrogen  adsorption.  Particle 
morphology  was  studied  by  means  of  SEM  JEOL- 
733. 

Results  and  Discussion 

It  was  possible  to  obtain  silicon  nitride  with  a- 
phase  content  being  95  mass  %  by  the  SHS 
method  only  by  introducing  some  gasifying  agents 
[1]  into  the  green  mixture  composition  and 
organizing  a  special  heat  regime  of  the  synthesis 
process  [2],  Synthesis  of  a-Si3N4  with  salts  allows 
regulating  a  temperature  mode  of  the  synthesis 
and  phase  composition  of  silicon  nitride  (Fig.  1). 
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Fig.  1.  Silicon  nitride  phase  composition  as  a 
function  of  synthesis  temperature. 

Carbon  introduction  into  the  green  mixture  of  <x- 
Si3N4  allows  synthesizing  <x-Si3N4  -p-SiC.  Silicon 
carbide  content  can  be  varied  from  0  up  to  85 
mass  %.  Two  parallel  reactions  are  carried  out 
during  the  synthesis: 

3Si  +  2N2  =  Si3N4; 

Si  +  C  =  SiC. 

Predominance  of  this  or  that  direction  of  the 
synthesis  is  regulated  by  the  combustion 
temperature  and  possible  nitrogen  filtration  to  the 
combustion  front.  Also,  duration  of  the  process  is 
of  great  importance. 

Fig.  2  shows  the  morphology  of  a-Si3N4  -P-SiC 
powders  obtained  under  various  modes  of 
synthesis.  The  silicon  carbide  content  is  from  25 
up  to  70  mass  %.  The  specific  surface  area 
depends  on  the  synthesis  temperature  and  grows 
from  3.6  up  to  20.6  mVg  at  the  temperature 
decreasing  from  1900°C  to  1300°C.  a-Si3N4  -p- 
SiC  particles  are  fibrous,  equiaxial  or  needle- 
shaped.  It  depends  on  the  synthesis  temperature 
and  a-Si3N4 /p-SiC  phase  ratio. 

Analysis  of  chemical  composition  of  a-Si3N4  *p. 
SiC  (Table  1)  synthesized  at  T=  1300  and  1800°C, 
SiC  content  being  about  70  mass  %,  proved  that 
free  carbon  content  was  1 1 .5  mass  %.  The  product 
was  gray  in  color.  At  T=1300°C  the  composite 
was  light  green.  We  observed  a  low  content  of 
nitrogen  and  free  carbon.  The  X-ray 
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Fig.  2a.  a-Si3N4  -p-SiC,  Tsyn=1300°C, 
Ssp-14.1  m2/g,  SiC  -  65  mass%. 


Fig.  2b.  a-Si3N4 -P-SiC,  Tsyn.=1700°C, 
Ssp  =6.6  m2/g,  SiC  -  50  mass%. 


Fig.  2c.  a-Si3N4  -p-SiC,  Tsyn=1800°C, 
Ssp=3.6  m2/g,  SiC  -  25  mass%. 


phase  analysis  showed  only  two  phases:  a-Si3N4 
and  P-SiC.  Therefore,  we  can  suppose  that  a- 
Si3N4  -P-SiC  is  not  stoichiometric,  in  such  case 
there  would  be  an  excess  of  carbon,  about  6  %. 
The  lattice  parameter  of  such  silicon  carbide  is 
c=4.344A,  it  differs  greatly  from  the  literature 
datum  of  c=4.359A.  The  decrease  in  lattice 
parameters  favors  our  supposition.  The  product 
was  gray  in  color.  At  T=1300°C  the  composite 
was  light  green.  We  observed  a  low 


Superstoichiometric  carbon  in  silicon  carbide  was 
reported  in  [3].  The  authors  pointed  out  two 
characteristic  features  of  the  phenomenon:  low 
synthesis  temperature  (1200-1400°C)  and 
existance  of  gas-transport  reactions.  We  also 
observed  these  conditions  in  our  process.  Besides, 
a  dependence  of  lattice  parameters  on  a  synthesis 
temperature  was  discovered  (Fig.  3). 


Fig.  3.  Lattice  parameter  c  of  p-SiC  as  a  function 
of  synthesis  temperature. 

Conclusion 

A  possibility  of  one  stage  production  of  a 
composite  material  based  on  a-modification  of 
silicon  nitride  and  P-SiC  under  the  combustion 
mode  was  shown.  The  synthesis  main  parameters 
affecting  the  material  properties  were  determined. 

Si-N-C  material  of  nonstoichiometric  composition 
was  obtained  by  low-temperature  SF1S. 
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PECULIARITIES  OF  ACTIVATED  SINTERING  OF  BORON  NITRIDE 
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Morozova  R.A. 

Institute  for  Problems  of  Material  Science  of  NAS  Ukraine 


INTRODUCTION 

Boron  nitride  (BN)  is  nonmetal  refractory  compound 
which  crystallizes  in  ordinary  conditions  like  a 
graphite  and  has  the  hexagonal  lattice  with  periods  of 
a=2.504  A,  c=6.661  A,  c/a=2.66.  Such  structure  is 
characterized  by  heterodesmic  of  "boron-nitrogen" 
chemical  bonds  due  to  strong  covalent  interaction 
within  one  monolayer  and  weak  van-der-vaaltz  one 
between  layers  [1], 

The  features  of  boron  nitride  structure  determine  on 
the  one  hand  is  critical  properties:  stability  upon 
thermal  shock,  high  electrical  resistance,  dielectric 
stability  in  wide  frequency  range,  chemical  inert 
relative  to  metallic  and  alloy  melts,  and  on  another 
hand  hinder  the  possibility  of  sintering  compact 
isotropic  material. 

THE  RESULTS  AND  DISCUSSION 

In  powder  materials  the  great  part  of  the  particles 
surface  is  passivated  by  the  atoms  of  adsorbed 
impurities  which  hamper  the  sintering.  The  effective 
means  to  remove  the  adsorbed  impurities  from 
powder  surface  and  to  effect  their  structure  is 
hydrogen-thermal  treatment  of  powder  over  catalysts 
at  temperatures  in  the  range  of  900-1200  °C.  Such 
treatment  allows  to  get  the  purified  powders  with 
improved  structure  which  in  turn  makes  it  possible  to 
design  the  materials  with  definite  physics-chemical 
properties  [2], 

The  goal  of  this  work  is  to  study  the  influence  of 
hydrogen-thermal  treatment  of  BN  powder  on  the 
properties  of  compact  BN  based  materials. 

The  hydrogen-thermal  treatment  of  this  powder  was 
carried  out  in  the  hydrogen  ambient  at  temperatures 
of  900  °C  and  1 1 00  °C  during  1 ,  2  and  3  h  at  each 
temperature.  Chemical  composition  of  BN  powders 
before  and  after  treatment  is  listed  in  table  1 . 

It  is  evident  from  table  1  that  the  quantity  of  B203 
and  C  impurities  decreases  and  of  nitrogen  increases 
in  treated  BN  powders.  At  the  same  time  the  increase 
in  the  temperature  and  duration  of  treatment  results  in 


* 

imorozov@materials.kiev.ua  (for  Dubovik) 


more  efficiency  of  treatment  .  The  powder  BN 
treated  at  temperature  1 100  °C  for  2  h  was 
used  later  on.  Crystal  lattice  parameters  of 
treated  BN  are  identical  to  literature  data  [1], 

Table  1.  Variation  of  BN  powder  chemical 
composition  with  treatment  conditions  in 
hydrogen  environment _ 


Treatment 

Content,  mas% 

°c 

hour 

B 

N 

B203 

C 

Initial 

- 

42,1 

54,4 

2.0 

1.4 

900 

1 

42,9 

55,2 

0,2 

- 

900 

2 

43,0 

55,7 

0,1 

- 

900 

3 

43,0 

55,5 

0,1 

- 

1100 

1 

43,3 

56,0 

- 

- 

1100 

2 

43,5 

56,3 

- 

- 

1100 

3 

43,5 

56,2 

- 

r 

The  samples  for  laboratory  examination  of 
precursor  powder  and  of  hydrogen  treated  one 
were  manufactured  by  hot  pressing  at 
temperatures  1 600-2000  °C  (in  each  1 00  °C), 
pressure  30  MPa  for  1-10  min  (in  each  1  min) 
exposure  at  maximum  temperature. 

Experimental  data  show  that  the  character  of 
density  variation  of  initial  and  treated  BN 
powders  in  hot  pressing  is  mostly  the  same:  the 
samples  density  quickly  increases  for  1-5  min 
then  asymptotically  approaches  its  maximum 
value  at  given  temperature.  The  lower 
temperature  of  hot  pressing,  the  more 
difference  between  initial  and  final  density  of 
sample  and  the  more  time  is  necessary  to  reach 
the  maximum  density.  The  treatment  time 
interval,  above  which  the  density  does  not 
increase,  corresponds  to  each  pressing 
temperature.  This  behaviour  could  be 
explained  from  the  point  of  view  of  the  theory 
of  bulky-tough  yielding  of  porous  material 
created  by  M.Kovaltchenko  [3]. 
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The  findings  show  that  only  samples  of  hydrogen 
treated  BN  powders  can  have  density  close  to 
theoretical  one.  This  is  because  of  considerable 
increase  in  reactive  surface  of  BN  due  to  refining  of 
powder  from  surface  impurities.  Being  the  very 
active  reagent  the  hydrogen  removes  oxides  and  other 
impurities  from  the  powder  surface  and  forms  the 
volatile  compounds  with  these  impurities. 

The  strength  characteristics  of  boron  nitride  before 
and  after  refining  have  been  studied  (table  2).  The 
obtained  data  show  that  the  preliminary  hydrogen- 
thermal  treatment  results  in  an  increase  in  the 
mechanical  strength  of  material  by  2-2.2  times. 


Table  2.  Comparative  strength  characteristics  of  hot 
pressed  BN  samples  at  different  temperatures 


Hot  pressing 
temperature,  °C 

Compression  strength,  MPa 

Initial  BN 

Treated  BN 

1600 

12 

27 

1800 

15 

41 

2000 

23 

47 

The  pressing  of  samples  of  initial  and  treated  BN 
powders  followed  by  sintering  has  been  studied.  The 
samples  were  pressed  at  pressure  2  tone/cm  and 
sintered  in  nitrogen  ambient  at  temperature  of 
1900  °C  (1  h).  The  results  are  listed  in  table  3. 


Table  3.  Properties  of  sintered  samples  of  boron 
nitride  _ 


Properties 

BN 

Relative 

Compression 

Resistance, 

density 

strength,  MPa 

Ohm-cm 

Initial 

0.6 

4.8 

10" 

Treated  at 
1100°C,  2h 

0.8 

10.3 

1018 

Data  of  table  3  show  the  hydrogen-thermal  treatment 
to  increase  the  density,  strength  and  electroinsulating 
properties  of  boron  nitride. 

The  effect  of  hydrogen  treated  BN  powder  on  the 
properties  of  base  on  it  the  composite  material  - 
boron  carbonitride  (BNC)  -  has  been  investigated. 
The  samples  were  manufactured  by  the  above 
mentioned  pressing  and  sintering  regimes  for  BN. 
The  data  are  listed  in  table  4. 


Crystal  structure  of  this  BNC  consists  of  two  phases  - 
BN  and  B4C  -  with  lattice  periods:  aBN=2.504  A, 
cBN=6.675  A;  aB4c=5.610  A,  cB4c~12.120  A. 


Table  4.  Properties  of  the  sintered  boron 
carbonitride  (BNC).  _ _ 


Property 

Temp., 

BNC  based  on: 

°C 

initial  BN 

treated  BN 

Resistance, 

20 

>1013 

>1013 

Ohm  cm 

1000 

1,5-107 

1,6- 109 

1800 

2104 

MO6 

Coefficient,  of 
thermal  expan¬ 
sion,  degree"1 

200- 

1800 

4,6  10-6 

3,0-1  O'6 

Compression 
strength,  MPa 

207 

15’9 

29,8 

It  is  evident  from  table  4  that  hydrogen- 
thermal  processing  of  initial  BN  increases 
physical  and  mechanical  properties  of  boron 
carbonitride.  On  the  base  of  such  boron 
carbonitride  it  was  developed  the  device  for 
temperature  measuring  of  metal  melts  [4]. 
Refractory  entrance  bushing  made  of  boron 
carbonitride  permits  to  execute  continuous 
temperature  measuring  during  entire  melting 
process  of  steel  #45  in  crucible  furnace  (2  h). 

CONCLUSION 

The  investigations  revealed  the  perspective  of 
using  the  method  of  hydrogen-thermal 
treatment  of  initial  powders  for  activation  of 
densification  processes  of  BN  and  materials  on 
its  base.  Further  investigations  in  this  field 
have  to  be  carried  out. 
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Abrasive  tool  efficiency  can  be  significantly 
improved  by  its  production  technology 
development.  One  way  to  increase  efficiency  of 
such  tools  usage  consists  in  diamond  grains 
metallization  by  refractory  metals  carbides.  New 
method  of  direct  electrochemical  diamond 
metallization  suggested  by  us  has  a  number  of 
advantages  over  common  methods  including  the 
following  possibilities: 

1)  to  coat  superhard  materials  grinding  powders 
fine  grains; 

2)  to  deposit  coatings  of  fixed  composition; 

3)  to  simplify  metallization  procedure  (no  need  in 
special  protecting  atmosphere  and  in 
conducting  precoat  deposition). 

The  possibility  of  diamond  using  as  conducting 
cathode  material  and  of  refractory  metals  carbides 
synthesis  at  diamond  grains  surface  during 
simultaneous  reactions  of  refractory  metal  and 
carbon  electrodeposition  was  shown  in  [1,  2], 
Appearance  of  surface  conductivity  of  diamond 
being  in  contact  with  complex  melts  based  on 
alkali  metals  molybdates,  tungstates  and 
carbonates  was  determined.  This  phenomenon  is 
caused  by  redox  reactions  appearance  at  diamond 
surface.  Sodium  molybdate,  dimolybdate, 
tungstate,  ditungstate,  and  carbonate  being  a  part 
of  Mo  and  W  deposition  electrolytes  can 
simultaneously  be  a  source  of  refractory  metals 
and  of  carbon  during  respective  carbides  coatings 
deposition  on  diamond  surface. 

Diamond  powders  AS  15  (315/250)  and  ASS 
(630/500)  widely  used  for  diamond  abrasive  tools 
production  were  used  for  coatings  deposition. 
Nickel  net  container  filled  by  diamond  powder  and 
immersed  into  the  melt  with  the  help  of  nickel  wire 
was  used  as  cathode.  W  or  Mo  rod  was  used  as 
anode.  Molten  electrolyte  was  contained  in  glassy 
carbon  or  graphite  crucible. 

Oxide  system  Na2W04  -  W03  was  chosen  for 
tungsten  containing  coatings  deposition  on 
diamond  surface.  It  was  established  that  optimal 
conditions  for  continuous  coatings  deposition  are 
the  following:  W03  content  0.02-0.2  %  (mass); 

T  =  1 123-1 173K;  ik  =  0.03-0.1  A/cm2;  x  =  60- 


90  min.  In  these  conditions  coatings  of  W2C-WC 
(1:1)  composition  were  deposited. 

For  molybdenum  carbide  coatings  deposition  on 
diamond  surface  the  system  Na2W04  -  Mo03  (4 
mol.  %)  was  used.  Metallization  degree 
dependence  on  cathode  current  density  and 
electrolysis  duration  for  AS  15  diamonds  of 
different  fineness  was  shown  on  Fig.  1.  It  should 
be  noted  that  under  the  same  electrolysis 
conditions  diamond  metallization  degree  and 
coating  deposition  rate  are  increasing  with 
diamond  grains  dimensions  decrease.  Thus, 
metallization  degree  Am  was  10%  for  diamonds 
AS  1 5  (3 1 5/250)  and  25%  for  AS  1 5  ( 1 60/125)  (T  = 
1123K;  x  =  50  min;  ik  =  0.05  A/cm2).  Coating 
deposition  rates  were  0.58  and  0.97  |im/h, 
respectively.  Optimal  conditions  for  coatings 
deposition  from  this  system  are  the  following:  x  = 
90  min;  ik  =  0.05-0.1  A/cm2. 


Fig.  1.  Dependence^Ao?mdegree  of  diamond 
metallization  by  Mo2C  on  cathode  current  density 
for  AS  15  (315/250)  (1)  and  AS  1 5  (160/125)  (2), 
and  on  electrolysis  duration  for  AS  15  (315/250) 
(3)  in  the  following  system:  Na2W04-4mol%Mo03 
T  =  1173. 

In  order  to  diminish  electrolyte  consumption  we 
decrease  Mo03  content  to  2.5  mol.  %.  Using  this 
system  for  AS15  (315/250)  and  ASS  (630/500) 
diamonds  metallization  there  is  also  lower 
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metallization  degrees  for  larger  and  less  defective 
diamonds.  Metallization  degree  was  8  and  5%,  and 
deposited  coatings  thickness  was  0.5  and  0.4  jam 
for  AS  15  (315/250)  and  ASS  (630/500)  diamonds, 
respectively.  Also,  using  this  system  at  optimal 
conditions  (T  =  1 173K;  x  =  90  min;  ik  =  0.08-0.12 
A/cm2)  we  succeeded  in  coating  type  I  natural 
diamond  with  molybdenum  carbide  (coating 
thickness  was  1  pm). 

With  the  purpose  of  electrolyte  price  reduction  we 
turn  to  the  following  dilute  chloride- 
tungstate(molybdate)-metaphosphate  systems: 
NaCl-KCl  -  Na2W04  (6  mol.  %)  -  NaPOj  (0.4 
mol.  %),  and  NaCl-KCl  -  Na2Mo04  (5  mol.  %)  - 
NaP03  (0.75  mol.  %).  Optimal  electrolysis 
conditions  (T  =  1 023-1 073K;  x  =  60  min;  ik  =  7- 
10-1 0‘3  A/cm2)  were  established  for  these  systems, 
as  it  follows  from  Fig.  2.  Thickness  of  coatings 
deposited  on  AS15  (315/250)  diamonds  in  systems 

(1)  and  (2)  was  0.40  and  0.46  pm,  respectively. 
Also,  use  of  these  systems  allows  us  to  lower 
electrolysis  temperature  and  current  density,  and 
therefore,  power  consumption. 


0  5  10  15 


ik  (A  cm'2) 

Fig.  2  Dependence  of  diamond  AS  15  (315/250) 
metallization  degree  by  Mo2C  (1,3)  and  W2C  (2,4) 
from  systems  NaCl-KCl  —  Na2Mo04  (5  mol.  %)  — 
NaP03  (0.75  mol.  %)  and  NaCl-KCl  -  Na2W04  (6 
mol.  %)  -  NaP03  (0.4  mol.  %),  respectively  on 
cathode  current  density  (3,4)  and  electrolysis 
duration  (1,2).  T=1 123  K 


about  loading  redistribution  between  different 
sides  with  differing  characteristics,  and  makes 
them  more  durable  for  different  loading  types. 
Thus,  after  molybdenum  and  tungsten  carbides 
coatings  deposition  on  the  surface  of  AS  15 
(160/125)  diamonds  its  rupture  loading  coefficient 
measured  by  «Tomado»  apparatus  at  Lviv 
Polygraphic  Institute  was  1 .4-2.3  times  depending 
on  electrolysis  conditions.  Besides,  coatings 
deposition  leads  to  increase  of  diamonds 
wettability  by  binder  material,  and  therefore,  to 
increase  of  their  stability  in  tools  structure. 
Capillarity,  characterizing  abrasive  materials 
wettability,  and  being  determined  from  water  level 
raising  height  in  glass  tubes  filled  with  unmodified 
or  metallized  diamonds,  increases  by  a  factor  of 
2. 1-2.4  when  diamonds  are  coated. 

Pilot  tools  lots  with  AS  15  diamonds  (160/125) 
coated  with  ditungsten  carbide  in  NaCl-Na2W04- 
Na2C03  were  tested  in  optical  glass  coarse 
grinding  operation  at  Poltava  Factory  of  Artificial 
Diamonds  and  Diamond  Tools.  Testing  reveals 
that  polishing  disks  productivity  increases  by  a 
factor  of  1.4-1 .8  after  metallization. 

This  work  was  supported  by  Science  and 
Technology  Center  in  Ukraine.  Project  1622. 
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Molybdenum  and  tungsten  carbides  coatings  form 
some  kind  of  shell  on  diamond  grains.  It  brings 
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THE  CREATION  OF  STABLE  NANODIAMOND  SUSPENSIONS  IN  LIQUID 
MEDIUMS  IS  THE  WAY  TO  OBTAIN  NANOCOMPOSITE  MATERIALS 

FOR  EXTREME  PERFORMANCES 

Voznyakovskij  A.P.(1),  Fudjimura  T.(2),  Dolmatov  V.Yu.(1).  Veretennikova  M.V.(,) 

'Special  design  bureau  "Tekhnolog"  at  the  St.Petersburg  State  Technological  Institute 
(Technical  University),  St.  Petersburg,  Russia 
(2),'VISION  DEVELOPMENT  CO.,  LTD",  Tokyo,  Japan 


One  of  the  perspective  directions  of  up-to-date 
material-science  is  the  creation  of  nanocomposites 
able  to  work  in  extreme  performances.  Particularly, 
the  investigations  on  the  use  of  detonation 
synthesis  ultradispersed  diamonds  (UDD, 
nanodiamonds)  are  strongly  developed  [1-3]. 

As  suspensions  the  UDD  are  used  in  many  fields 
of  application.  UDD-suspensions  in  aqueous  salt 
solutions  of  electrolytes  are  applied  for 
electrochemical  technologies  (high-strong  metal- 
diamond  coatings  [2]);  UDD-suspensions  in  liquid 
non-aqueous  mediums  are  useful  for  preparation  of 
polymeric  protective  coatings  and  membranes  with 
the  improved  complex  of  service  properties  [3], 
Stabilisation  of  degree  of  dispersion  of  UDD  and 
suspension  structure  are  achieved  by  modification 
of  their  surface. 

The  present  work  has  for  an  object  to  choose  the 
ways  of  stabilisation  of  UDD-suspensions  to  use 
them  for  the  creation  of  the  nanocomposites  with 
improved  service  properties. 

In  order  to  purify  a  surface  from  absorbed 
substances  the  UDD  were  previously  warmed  up  to 
T=420°C  at  a  high  vacuum  (1.33*1  O’4  Pa). 

Curve  of  line  ion  current  for  UDD  has  two 
extremums  of  desorption  at  1 10°C  and  280°C.  As  a 
practical  matter  the  satisfactory  purification 
efficiency  of  UDD-surface  can  be  attained  by  pre¬ 
warm-up  (T=350°C)  at  a  high  vacuum  for  4  hours. 
Such  the  UDD  were  used  for  the  next  experiments. 

Features  of  dispersion  of  UDD  in  an  aqueous 
medium.  Polydispersivity  curves  of  UDD-particIes 
in  water  are  presented  on  the  figure.  The  figure 
data  show  that  UDD  relate  to  nanodispersed 
substances  by  a  degree  of  dispersion  (~  90%  of 
particles  are  over  the  range  of  18... 32  nm  -  curve 
1).  Initial  type  of  polydispersivity  curve  is  constant 
for  15  minutes  subsequent  to  that  the  bigger 
particles  begin  to  precipitate,  and  the  whole  curve 
shifts  to  bigger  sizes  direction.  In  order  to  stabilise 


an  initial  dispersivity  of  UDD  the  suspension  is 
withstood  under  ultrasonic  field  (US)  action.  It  is 
established  that  the  dispersivity  of  a  system 
depends  on  insonification  time  (exposure  to  US). 
The  polydispersivity  curve  shifts  to  bigger  sizes 
direction  (an  increase  in  average  numerical 
diameter  from  staring  23,0  up  to  95,6  nm)  for  the 
first  5  minutes  of  US-treatment.  For  the  next  5 
minutes  US-field  action  results  in  recovery  of  the 
polydispersivity  curve  similar  to  that  in  the  initial 
state  (the  average  numerical  diameter  of  31,2  nm  - 
curve  3).  The  reached  degree  of  dispersion  remains 
constant  under  US-field  action  for  20  minutes. 
Over  a  long  period  of  time  of  US-field  action  the 
aggregation  processes  resulting  in  the  intensive 
precipitation  of  UDD  are  registered  again. 

After  stopping  the  US-field  action  the  dispersivity 
of  the  solution  remains  constant  for  2  hours, 
subsequent  to  that  agrregation  processes  begin.  So, 
to  hold  the  optimum  dispersivity  of  UDD  over  a 
long  period  of  time  the  recurrent  (not  continuous) 
US-treatment  is  necessary.  At  the  same  time  it 
should  be  taken  into  account  that  for  every  cycle  of 
the  process  (alternation  of  insonofication  and  non- 
insonofication)  some  part  of  UDD-particles  (in  our 
experiment  it  amounts  to  about  1 1  wt.  %)  keeps  as 
indestructible  aggregates  and  precipitates. 

Fraction  cf  told  mass,VV% 


1  10  100  1000  10000 

Figure.  Relative  distribusion  of  the  initial  UDD- 
particles  in  water  without  US-treatment  (1-*),  under  US- 
treatment  during  5  minutes  (2  -  □)  and  10  minutes 
(3  -  A). 
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Features  of  dispersion  of  HDD  in  non-  aqueous 
mediums.  Dispersion  of  UDD  in  non-polar 
mediums  demands  the  corresponding  modification 
of  a  surface  (we  modified  it  by  means  of 
sililization). 

The  surface  texture  are  characterised  by  implanted 
trimethylsililic  groups,  i.e.  water-repellency 
treatment  of  the  surface  was  carried  out.  A  degree 
of  water-repellency  treatment  can  be  regulated  by  a 
quantity  of  the  sililizing  mixture  to  a  certain 
degree,  and  also  by  a  choice  of  chemical  nature  of 
chlorosilane  in  the  sililizing  mixture. 

In  the  present  work  three  variants  of  water- 
repellency  treatment  of  UDD-surface  were  studied. 

1.  Modification  was  carried  out  by  an  excess 
quantity  of  sililizing  mixture  (sililizing  agent) 
-  equimolecular  quantity  of 
(CH3)3SiCl+((CH3)3Si)2NH  (double  excess 
with  respect  to  calculated  quantity). 

2.  Modification  was  carried  out  by  50%-  quantity 
(with  respect  to  modification  I)  of  sililizing 
mixture.  Like  the  modification  I  the  isolation 
of  ammonium  chloride  (in  a  smaller 
quantity)was  observed. 

3.  In  some  cases  in  order  to  stabilise  the  UDD- 
particles  in  organic  non-polar  mediums  (for 
example,  toluene)  the  insertion  of  double  bond 
groups  may  well  be  useful.  The  insertion  of 
such  groups  onto  the  UDD-surface  was 
realized  by  means  of  substitution  of 
trimethylchlorosilane  in  sililizing  mixture  by 
dimethylvinylchlorosilane  (sililization  with 
vinyl-group).  The  modification  was  carried  out 
using  sililizing  mixture  (50%  from  UDD- 
mass).  The  isolation  of  ammonium  chloride 
confirmed  the  reaction  passage. 

UDD-samples  of  these  three  modifications  were 
dispersed  in  non-polar  liquid.  Toluene  was  chosen 
as  a  medium. 

Modification  of  the  surface  by  trimethylsililic  and 
dimethylvinylsililic  groups  allowed  one  to  reach 
the  dispersivity  of  UDD-particles  over  the  range  of 
14,5  -  1 8  nm  in  non-polar  organic  liquid. 

The  conclusions: 

Desorption  of  gases  and  volatile  matters  from 
UDD-surface  was  investigated.  For  the  practical 
use  the  following  conditions:  desorption 
temperature  -  350°C,  pressure  -  ~10'4  Pa  and 
treatment  time  -  4  hours  were  recommended. 


The  dispersivity  of  UDD-suspensions  in  aqueous 
medium  under  US-field  action  was  investigated. 
The  complex  dependence  of  polydispersivity  of 
UDD  in  water  on  time  and  US-treatment  cyclicity 
is  shown.  The  preparation  of  a  stable  UDD- 
suspension  in  water  with  the  particle  size  of  1 8-32 
nm  at  cyclic  US-treatment  is  possible. 

It  is  shown  that  the  modification  of  UDD  by 
sililizing  agents  appreciably  changes  properties  of 
nanodiamonds.  At  the  same  time  the  preparation  of 
a  stable  UDD-suspensions  in  non-aqueous 
mediums  becomes  possible.  The  modification  of 
UDD  by  trimethyl-  and  dimethylvinylsililic  groups 
allows  one  to  reach  the  dispersivity  of 
nanodiamond  particles  of  14,5  -  18  nm  in  toluene 
(better  than  that  in  water). 
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The  conventional  approach  to  control  of 
properties  of  materials  is  based  on  using  of 
alloying  by  some  impurities.  However  in  a 
number  of  cases  this  approach  comes  across 
principled  limitations  conditioned  by  absence  in 
the  nature  of  impurities  indispensable  for 
obtaining  of  materials  with  given  properties. 

Materials  consisting  from  a  component  that  do  not 
dissolve  in  each  other  in  a  liquid-phase  is  of 
interest  both  with  fundamental  and  technological 
points  of  view. 

If  the  components  will  not  form  a  liquid  solution, 
the  customary  metallurgical  melting  methods  do 
not  allow  to  obtain  qualitative  ingots  with  an  even 
distribution  of  components  in  ingot  volume,  as  the 
unsolvable  components  will  form  layers  or  zones 
in  ingot  or  settle  out  on  a  floor.  Such  ingot 
becomes  unsuitable  for  the  technological  or 
scientific  purposes.  At  the  same  time  the  modern 
industry  requires  materials  with  the  improved 
service  characteristics  in  extreme  conditions  (wear 
resistance,  high-temperature  strength  etc.). 

The  acoustic  mixing  of  the  system  ZnPb  in 
microgravity  conditions  was  used  in  [1], 
Coalescenting  drops  in  molten  alloy,  were 
dispersed  by  ultrasound,  and  well-dispersed 
structures  were  obtained;  however  these 
experiments  were  carried  out  only  at  small 
concentration  of  Pb  and  low  ultrasound  intensity. 

In  the  present  work  the  possibility  of  producing  of 
composite  materials  of  systems  Al-Pb,  Zn-Pb  with 
application  of  ultrasonic  and  centrifugal  fields  was 
investigated.  Such  composites  can  be  used  for 
self-lubricating  bearing  boxs. 

Ultrasonic  action  on  a  melt  initializes  a  cavitation 
phenomena  and  acoustic  flows  within  a  melt. 
There  are  a  number  of  consequent  processes  in 
indurating  melt,  having  different  structural 
components  under  ultrasonic  treatment  [2]: 

1)  Equalization  of  a  solidified  front; 

2)  Dispersion  and  metalization  of  solid  phase 
particles  and  distribution  in  volume  of 
centers  of  crystalline  phase; 


3)  Initialization  of  acoustic  flows  in  a  melt  that 
lead  to  intensive  stirring; 

4)  Removal  of  capillary  limitations  at  a  stage 
of  growth  of  crystallization  centers  and 
improvement  of  a  wettability  by  stayed 
liquid. 

To  selection  of  optimum  regimes  of  ultrasonic 
treatment  of  melts  the  following  features  of 
formation  of  cavitation  area  were  taken  into 
account: 

The  cavitation  area  size  are  directly  connected 
with  dimensions  of  ultrasonic  horn  (diameter  of 
area  d  =  (0,9...  1,1)  dh  and  its  altitude  h 
=(2,6...4,3)-dh). 

The  threshold  power  of  a  beginning  of  cavitation 
is  connected  to  a  wettability  of  the  waveguide 
(horn)  and  may  be  defined  with  allowance  of 
Blake’s  threshold  [1]: 

p  -  p  j  j.  I  (2ctl  /j?0)3 
c  0  3j3\P0  +(2ol/R0)’ 

here  P0  =  51  O'4  MPa  is  a  static  pressure  in  melt, 
Ro  is  a  radius  of  cavitation  bubble. 

For  zinc  a  surface  tension  of  melt  aL  =0.787  J/m2, 
threshold  Blake’s  Pc  =  0,22  MPa,  threshold  power 
W  =  37... 43  Wt;  for  lead  -  oL  =  0.442  J/m2 
Pc  =  0,16  MITa,  W  =  18. ..23  Wt. 

Obviously,  the  ultrasonics  preferentially  affects  on 
that  frame  of  a  structure,  which  one  crystallizes 
first  of  all  (Al,  Zn).  Ultrasound  increases 
wettability  of  disperse  particles  because  of  local 
raise  of  temperature  and  pressure  on  the  boundary 
between  disperse  particle  and  melt  due  to 
cavitational  bubbles  shocks.  Besides,  action  of 
powerful  ultrasound  on  a  melt  with  disperse 
particles  (crystallization  centers)  or  liquid  drops, 
causes  intensive  dispergation  of  this  particles  and 
drops.  So  this  effect  consist  in  dispersing  of 
crystallization  centers  and  after  its  metalization  by 
a  Pb  melt  in  arranging  them  uniformly  (or 
pursuant  to  acoustic  flows)  in  melt  volume. 
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A  series  of  experiments  were  carried  out  on  a 
special  centrifuge.  It  allows  to  clearing  up  the 
influence  of  acceleration  on  crystallization 
processes  of  composites  in  ultrasonic  field. 

It  is  necessary  to  mark,  that  due  to  difference 
of  composite  component  densities  the  installation 
for  ultrasonic  producing  of  composite  materials 
developed  on  the  vertical  scheme  for 
compensation  of  gravitational  forces  by  acoustic 
pressure.  Besides  the  influence  of  centrifugation 
on  structure  of  obtained  composites  was 
investigated. 


Fig.l.  Microstructures  of  Zn  -  15%  Pb  composite 
produced  in  different  conditions: 
a  -  conventional  crystallization  of  melt; 
b  -  crystallization  with  ultrasonic  treatment  of 
melt; 

c  -  crystallization  with  ultrasonic  treatment  of 
melt  in  centrifuge  (accelaration  g=10). 

Several  microstructure  images  of  Zn-15%Pb 
composite  produced  in  different  conditions  are 
shown  on  fig.l.  As  one  can  see  ultrasonic 
treatment  of  melt  leads  to  uniform  distribution  of 
Pb  disperse  globules  in  Zn  matrix  (f|g.  1  b). 
Crystallization  of  ZnPb  composite  in  ultrasonic 
and  gravitation  fields  brings  to  coagulation  of 
disperse  Pb  globules  (fig.l  b).  The  degree  of  this 
coagulation  depends  on  acceleration  of  centrifuge 
rotation. 


The  results  obtained  by  experiments  on 
crystallization  under  ultrasound  and  different 
accelerations  of  centrifuge  after  theoretical 
analysis  may  be  used  to  extrapolation  on  the  case 
g  =  0  and  thus  suppositions  about  possible 
properties  of  these  composites  and  crystallization 
processes  with  ultrasound  in  zero  gravity  may  be 
made. 

This  investigation  was  carried  out  within 
framework  of  project  NN  32  funded  by  STCU. 
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The  main  features  of  self-propagating  high- 
temperature  synthesis  of  P-sialon  ceramics  and 
their  properties  were  studied.  The  process  was 
carried  out  according  to  the  following  reaction 
scheme: 

(6  -  l,5z)Si  +  zAl  +  0,5zSiO2  +  (4  -  0,5z)N2  -> 
Si6.;Al,07N8-r. 

Two  more  components,  diluent  and  sintering 
regulator,  were  added  into  the  reaction  mixture. 
The  former  one  is  necessary  for  suppressing  the 
dissociation  of  product  and  coalescence  of  melted 
combustible  components  (Si,  Al)  into  inactive 
aggregates.  The  latter  one  favors  a  homogeneous 
structure  of  synthesized  ceramics.  End  product, 
sialon  that  corresponds  to  element  composition  of 
synthesized  one,  as  well  as  other  refractory  com¬ 
pounds  (SiC,  TiB2)  were  used  as  diluents.  BN  that 
formed  during  combustion  was  used  as  a  sintering 
regulator.  Approximately  10  %  wt  of  BN  was 
enough  to  inhibit  capillary  processes  in  the  com¬ 
bustion  wave. 

Two  factors  determine  the  density  of  SHS  ce¬ 
ramics:  volume  change  during  nitriding  and  sam¬ 
ple  shrinkage.  These  were  characterized  by  the 
ratios  of  product  volume  to  volume  of  starting 
reactants  (V/Vr)  and  initial  sample  volume  to  the 
final  one  ( V</Vf ),  respectively.  In  the  system  under 
consideration,  the  V/Vr  values  were  below  1 .2. 
Therefore,  their  expected  relative  density  of  syn¬ 
thesized  materials  never  will  exceed  0.75.  For  this 
reason,  a  key  problem  for  us  was  to  find  out  com¬ 
bustion  conditions  that  favor  sample  shrinkage. 

The  value  of  VqIV{  increases  within  the  range  30- 
100  MPa  and  then  levels  off.  The  burning  velocity 
and  combustion  temperature  attain  their  maxi¬ 
mum  values  (wc  =  1-1.6  mm/s  and  Tb  =  2300- 
2600  K).  This  is  accompanied  by  changes  in  a  com¬ 
bustion  mode  from  the  surface  to  the  layer-by- 
layer  one.  This  is  supported  by  the  distribution  of 
product  composition  and  density  over  the  sample 
cross  section.  Low  conversion  degree  and  low 
density  in  the  internal  area  of  the  samples  synthe¬ 


sized  at  30  and  60  MPa  are  associated  with  poor 
infiltration  in  surface  combustion.  In  the  central 
area  of  the  sample  synthesized  at  30  MPa  there  is 
no  reaction  between  silicon  and  nitrogen.  For  the 
sample  synthesized  at  90  MPa,  nitriding  is  incom¬ 
plete  due  to  self-densification  of  product  in  the 
central  area  of  the  sample.  Upon  going  from  sur¬ 
face  into  layer-by-layer  combustion  the  shrinkage 
increases.  The  ratio  of  relative  linear  shrinkage 
along  the  combustion  axis  and  the  perpendicular 
axis  also  increases  by  a  factor  of  5-10.  Thus,  the 
sample  shrinkage  should  be  caused  by  pressure 
gradient  around  the  reaction  zone.  According  to  the 
theory  of  infiltration  combustion  during  layer-by- 
layer  combustion  the  pressure  gradient  should  at¬ 
tain  it’s  maximum  value  and  be  oriented  largely 
along  the  direction  of  combustion  wave  propaga¬ 
tion. 

The  sample  shrinkage  was  found  to  increase  nearly 
proportional  to  the  content  of  combustible  compo¬ 
nents  in  the  green  mixture.  The  measured  F/Fr 
turned  out  lower  than  the  calculated  one  due  to 
increase  in  the  content  of  unreacted  silicon.  The 
relative  density  of  synthesized  ceramics  is  deter¬ 
mined  by  variation  in  sample  shrinkage.  The  sam¬ 
ple  shrinkage  increases  with  increasing  content  of 
oxides  in  the  green  mixture.  This  tendency  is  ob¬ 
served  for  oxides  both  soluble  and  insoluble  in  p- 
sialon. 

The  shrinkage  also  depends  on  the  sample  diameter 
of  initial:  it  begins  to  diminish  at  two  critical  di¬ 
ameters  (~30  mm  and  ~70  mm).  In  both  the  cases, 
the  heat  loss  suppresses  sample  shrinkage.  The 
maximal  critical  diameter  exists  due  to  impossibil¬ 
ity  to  provide  good  heat  insulation  from  cold  walls 
of  the  reactor  for  large  samples.  The  minimal  one 
exists  due  to  an  increase  in  specific  heat  loss  de¬ 
termined  by  the  ratio  of  surface  area  of  the  sample 
to  its  volume.  Heat  losses  effect  directly  on  the 
inequality  of  shrinkage  resulting  in  unequal  density 
distribution  in  the  sample  cross-section.  The  den¬ 
sity  in  outlying  zones  is  a  little  less  than  in  the 
center. 
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Addition  of  nonsialon  refractory  compounds  into 
the  green  mixture  allows  us  to  produce  composite 
materials.  Formation  of  high-density  structure 
upon  combustion  was  found  to  provide  stability  of 
refractory  compounds.  When  the  relative  density 
of  p-Si4.3Ali.70i.7N63-SiC-BN  is  less  than  0.85, 
SiC  reacts  with  N2.  For  more  dense  materials,  the 
SiC  content  is  in  exact  agreement  with  the  calcu¬ 
lated  value. 

When  TiB2  is  used  as  a  diluent,  changes  both  in 
the  structure  and  composition  of  synthesized  ce¬ 
ramics  are  more  sophisticated.  There  is  a  discon¬ 
tinuity  in  the  dependence  of  the  ratio  V(/Vf  on  the 
content  of  diluent  in  green  mixture.  In  case  of 
sample  shrinkage  (Vo/V^l),  the  most  of  TiB2 
remains  in  the  initial  state,  while  in  case  of  sam¬ 
ple  swelling  ( V</V{<\ ),  it  readily  reacts  with  N2. 
Formation  of  BN  explains  sharp  change  in  condi¬ 
tions  of  structure  formation  and  reaction  of  TiB2. 
Large  amount  of  BN  inhibits  the  shrinkage,  which 
facilitates  supply  of  N2  into  the  reaction  zone  and 
further  reaction  between  TiB2  and  N2.  Due  to  such 
a  positive  feedback,  some  compositions  exhibit 
both  the  types  of  changes  in  volume. 

The  electrical  resistivity  of  sialon  composites  was 
found  to  vary  within  wide  limits:  from  10— 104 
Q-pm  for  compositions  containing  transition  met¬ 
als  compounds  (|3-SiA10N-TiB2),  to  about  10n 
Q-m  for  compositions  containing  only  dielectric 
phases  (P-SiAlON-BN).  For  materials  containing 
SiC,  the  resistivity  ranges  between  103  and  104 
Q-m.  For  the  latter  two  systems,  even  small 
amount  of  unreacted  silicon  markedly  reduces 
value  of  electrical  resistivity  by  several  orders  of 
magnitude. 

The  flexural  strength  as  a  function  of  ceramic 
porosity  obeys  the  expression  <r=aoexp(-4,P), 
where  a0=240-300  MPa.  The  greatest  value  of  <Jf 
is  exhibited  by  composites  containing  SiC.  For 
the  compression  strength,  this  function  compli¬ 
cates.  For  P-Si4  3Ali.70i.7N6.3-SiC-BN,  the  maxi¬ 
mum  value  of  ctc  is  about  700  MPa  (for  porosity 
P~10%).  For  ceramics  of  lower  porosity  but  with 
higher  content  of  free  silicon,  ctc  comes  down  400 
MPa.  Above  1300°C,  the  values  of  af  for  all  of 
the  compositions  studied  range  between  80  and 
120  MPa. 

The  initial  temperature  of  decomposition  of  com¬ 
posite  materials  in  vacuum  (104  Pa)  is  within  the 
range  1 650—1 700°C,  which  corresponds  to  the 
dissociation  temperature  for  pure  silicon  nitride 


under  our  conditions.  The  rate  of  high-temperature 
decomposition  depends  on  the  porosity  as  well  as 
on  sialon  content. 

Synthesized  materials  exhibit  extremely  high  corro¬ 
sion  resistance  to  molten  metals  and  slag.  In  this 
respect,  they  are  much  better  than  commercially 
available  refractories  and  their  analogs  fabricated 
by  conventional  methods  (table  1 ).  These  materials 
have  also  high  thermal-shock  resistance  (more  than 
30  cycles  without  destruction  at  “furnace  -  water” 
temperature  overfall  of  about  1300°C).  At  quench¬ 
ing  in  running  water,  SHS  sialons  withstand  tem¬ 
perature  overfall  of  550-600°C  without  deteriora¬ 
tion  of  their  flexural  strength. 


Table  1 


Ceramics 

Weight  losses  %  wt 
in  slag  in  steel 

Zr02-  graphite 

60 

20 

Al203 

30 

Zr02 

- 

50 

RBSN 

100 

HP  Si3N4 

17 

SiAlON  (sintered) 

- 

5 

SiAlON-SiC-BN  (SHS) 

0 

0 

Si3N4-SiC-TiN  (SHS) 

- 

40 

BN  (SHS) 

30 

20 

BN-Si02  (SHS) 

20 

20 
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Of  known  high-temperature  superconductors 
(HTSC)  the  melt-textured  YBa2Cu307.5-  based 
(MT-YBCO)  is  considered  as  a  material  to  be 
successfully  used  for  bulk  applications  like  flying 
wheels,  frictionless  bearings,  electromotors, 
levitation  transport  etc.  The  widespread  use  of 
HTSC  bulk  materials  is  restricted  by  the  absence 
of  technologies  that  allow  the  manufacturing  of 
high-quality  large  (larger  than  40-  60  mm)  and 
complex-shaped  parts.  The  attempts  to  grow  up 
large  blocks  of  MT-YBCO  using  multi-seed 
growth  up  to  now  haven’t  given  very  encouraging 
results  due  to  the  crystallization  of  a  great  deal  of 
impurity  phases  at  the  boundary  where  two  fronts 
of  crystallization  (from  different  seeds)  meet  each 
other  [1,  2],  A  relatively  good  boundary,  using 
multi-seed  growth,  can  be  obtained  if  the  distance 
between  the  seeds  is  of  about  few  millimeters.  So, 
in  this  case  it  is  not  quite  clear  whether  the  multi¬ 
seed  growth  has  advantages  over  the  single  seed 
one. 

Soldering  of  MT-YBCO  to  obtain  the  SC  junctions 
is  a  very  promising  way  of  producing  large 
superconductive  items  of  complex  shapes.  A  lot  of 
papers  on  the  problem  describe  the  processes  of 
joining  MT-YBCO  bulk  using  spacer  layers  [3,  4] 
in  the  form  of  thin  plates  (of  about  1  mm  thick)  cut 
from  various  materials  with  lower  melting 
temperatures  than  that  of  the  joined  one,  e.g.,  from 
MT-TmBCO  or  MT-YBCO  with  Ag  aded.  Thus, 
the  problem  arises  of  manufacturing  of  large  high 
quality  auxiliary  layers.  Besides,  such  soldering 
process  is  complicated  and  rather  time-consuming. 

We  have  developed  a  method  to  solder  MT-YBCO 
using  a  TmBaCujO^  (Tml23)  powder  under  a 
pressure  of  about  3-4  kg/cm2  that  allows  us  to 
produce  high-quality  superconductive  junctions 
between  MT-YBCO  parts  excluding  the  stages  of 
slow  cooling  during  soldering  and  preparation  of 
auxiliary  layers.  This  method  imposes  no 


restrictions  on  the  size  of  the  joint  surfaces, 
quantity  of  parts  to  be  joined  and  their 
arrangements  relative  to  each  other. 

The  structure  of  MT-YBCO  is  usually  constituted 
of  one  or  a  few  (well  oriented  relative  to  each 
other)  large  textured  SC  grains  of  Y 123  with  finely 
dispersed  small  inclusions  of  the  non- 
superconductive  Y2BaCu05  (Y211)  phase.  The 
melt-texturing  process  of  Y123  supposes  a  slow 
cooling  (about  0.3  K/h)  in  the  1000-1030  °C  range. 
To  form  the  soldered  seam,  the  MT-YBCO 
samples  should  be  repeatedly  heated  (above 
1030  °C)  that  may  induce  changes  of  their 
structure:  variation  in  oxygen  content  of  Y123, 
decomposition  of  Y123,  recrystallization  and 
coarsening  as  well  as  redistribution  of  Y21 1,  etc. 
So,  it  is  important  to  find  compromised  soldering 
conditions  in  order  to  provide  a  high-quality  joint 
and  not  to  impair  properties  of  MT-YBCO. 

The  determined-from-DTA  study  temperature  of 
incongruent  melting  of  MT-YBCO  was  1016  °C 
and  that  of  Tml23  was  in  the  range  of  984  — 
986  °C. 

To  estimate  the  critical  current  density  (jc)  through 
the  junction,  we  have  drilled  rings  from  single¬ 
domain  MT-YBCO  blocks  and  estimated  the  jc  in 
these  initial  rings  from  the  loops  of  magnetization 
using  a  vibrating  sample  magnetometer.  Then 
these  rings  have  been  cut  into  two  pieces  along  the 
diameters  (the  width  of  cut  was  about  0.7  mm)  and 
soldered  using  a  Tml23  powder  under  the  3-4 
kg/cm2  pressures.  The  soldered  rings  have  been 
again  placed  into  the  magnetometer  to  estimate  the 
jc.  The  results  are  given  in  Fig.l.  An  increase  in  jc 
in  1.5- 1.6  times  through  the  ring  from  MT-YBCO 
soldered  by  a  Tml23  powder  as  compared  with 
that  in  the  singledomained  ring  was  observed  up  to 
the  2.5  T  field.  For  the  joined  sample,  at  0  T  field 
jc=34.4  kA/cm2.  The  obtained  seam  was  practically 
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invisible  under  a  polarizing  microscope  and  was 
about  40  pm  in  width  (as  the  SEM  study  have  been 
shown).  In  fields  higher  than  2-3  T  some  decrease 
of  jc  took  place. 

The  bending  strength  of  the  seam  was  even  higher 
than  that  of  the  material  being  joined.  During 
investigation  of  bending  strength  of  the  seam  the 
breaking  occurred  mainly  through  the  joined 
material.  Thus  the  estimated  value  of  the  bending 
strength  was  of  about  32  MPa. 
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Fig.l  Critical  current  density,  jc,  vs  magnetic  field,  poH,  of  the  singledomained  ring  and  of  the  same  ring  cut 
and  soldered  by  a  Tml23  powder  at  1010  °C  (the  temperature  raised  and  decreased  with  a  rate  of 
500  K/h,  after  the  soldering,  the  sample  was  oxidized  in  a  separate  process). 
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The  development  of  technologies  for  Ni-Cr  alloy 
PCMHP  [1]  production  and  its  implementation 
have  shown  that  heat  resistant  PCMHP  are  always 
needed.  The  main  area  of  their  implementation  — 
catalyst  carriers,  filters  operating  in  oxidizing 
atmosphere  at  high  temperatures.  Because  Ni-Cr 
alloy  PCMHP  can  operate  for  a  long  period  up  to 
temperature  700-750°  C  only,  the  development  of 
more  heat  resistant  PCMHP  is  of  great  interest. 
Powder  compositions  of  carbide-metal  -  cermets 
[2]  -  proved  themselves  as  strong,  chemically  and 
heat  resistant  materials.  Carbide  Cr  cermets  of 
KXH  and  608  mark  containing  from  10  to  40%  of 
Ni  resist  to  abrasive  wear,  corrosion  in  alkali  and 
acid,  mineral  salt  solutions,  sea  water,  melted 
glass. 

Various  methods  for  cermets  manufacturing: 
impregnation  of  sintered  ceramic  frame  with  melt 
metal;  parts  molding  of  plastic  mixture  and 
sintering  at  high  temperature;  molding  in  steel 
moulds;  extrusion  molding,  slip  casting. 

KXH  manufacturing  and  implementation  are 
based  on  some  properties  of  chromium  carbides 
[2],  The  most  stable  and  often  used  Cr3C2  in  the 
interval  of  800-1100°  C  does  not  change  the 
weight  in  the  air.  Its  wetting  angle  Si,  Mn,  Fe,  Ni, 
Co  is  about  0  °.  Eutectic  temperature  with  Ni,  Fe 
Co  -  1255,  1280,  1285°  C,  respectively  [4,  5], 

Methods,  Results  and  their  Discussion 

To  produce  PCMHP  the  mixture  of  KCXH-15 
was  used,  it  contains  85  %  of  Cr3C2  and  15  %  of 
Ni  powder  (mass).  99.5  %  of  powder  is  <  40  pm. 

Cr3C2  particles  are  of  shiver  form.  KCXH-15 
apparent  density,  (yH),  and  density  after  shaking, 
(yy)  amount  to  1 .85  and  2.87  g/cm3,  respectively. 
Mixture  specific  density  after  shaking  amounts  to 
37.1  %  only,  it  results  in  large  shrinkage  at 
sintering. 

So  that  to  increase  the  particles  placement  density 
the  influence  of  mixing  in  mixer  and  moulding  in 
closed  mold  were  studied  (Table  1,  2). 


Mould  items  can  be  crushed  very  easily  by  hands 
up  to  moulding  pressure  of  120  MPa.  At  moulding 
the  consolidation  is  worse.  Repeated  mouldings 
do  not  serve  to  placement  density  as  well. 
Evidently,  it  is  connected  with  morphology  and 
polydispersity  of  powder  mixture  and  is  explained 
by  high  hardness  and  strength  of  Cr  carbide 
particles.  Plastically  deformed  particles  of  Ni 
prevent  from  crushing. 

Table  1  -  Relationship  of  particles  placement 
density  (apparent  density  and  density  after 
shaking)  of  KCXH-15  mixture  to  the  moulding 
pressure 
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N*  -  number  of  moulding  cycles. 


The  other  way  to  increase  particles  placement 
density  -  processing  in  the  mixer.  The  mixing  was 
fulfilled  in  the  mixer  with  rotation  axis  displaced, 
Vi  charge,  relation  of  grinding  balls  and  powder 
isl:l  by  volume.  On  mixing  (Table  2),  after  15-20 
hrs  of  processing  they  can  reach  the  saturation, 
rather  small  consolidation  effect  (placement 
density  growth  up  to  0.42-0.43). 


Table  2.  Relationship  of  KXH-15  mixture 
characteristics  to  the  mixing  time 


Time, 

hr 

Yh, 

i 

g/cm 

Y7 

g/cm 

C>l, 

vol  % 

cy, 

vol.  % 

0 

1,89 

2,94 

24,4 

37,5 

8 

17,89 

3,16 

24,4 

40,9 

21 

2,22 

3,33 

28,7 

43,0 

32 

2,41 

3,40 

31,1 

44,0 

The  samples  of  polyurethane  foam  (PUF)  (cell 
average  diameters  -  4.5,  2.4  and  1.15  mm)  were 
used  to  produce  PCMHP. 
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One  of  the  problems  in  PCMHP  production  is  the 
elimination  from  the  blanks  of  PUF  and  water 
suspension  organic  stabilizer.  The  organic  matters 
should  be  preliminary  eliminated  to  prevent 
pollution  of  sintering  oven.  As  the  experiments 
have  shown,  it  is  to  no  purpose  to  apply  the 
thermal  destruction  in  the  air  because  near 
destruction  temperatures  (450-550  °C)  Ni  powder 
oxidizes  intensively.  For  example,  KXH-15 
mixture  weight  increase  equals  to  2.0  %  at  470  C 
in  0.5  hr.  It  is  accepted  optimal  to  eliminate 
organic  matter  in  reducing  atmosphere. 

The  experiments  showed  that  the  optimal  sintering 
will  be  one  hour  in  vacuum  at  1255-1240  C.  The 
samples  provide  the  expected  shrinkage;  no 
fractures,  deformations,  warping.  At  21-25  % 
linear  shrinkage  (horizontal  plane),  the  height 
shrinkage  is  2-7  %  more,  i.e.  despite  liquid 
sintering  and  low  particles  placement  density,  the 
height  creeping  is  not  so  considerable. 

Mass  loss  is  slightly  more  than  organic  matter 
mass,  it  is  explained  by  partial  Cr  evaporation.  Fe- 
magnetic  phase  absence  caused,  obviously,  by  Cr 
dissolution  in  Ni  and  partial  dissolution  of  Ni  in 
carbide. 

Microstructure  analysis  revealed  inhomogeneous 
hardness  of  matrix,  hilly  surface  of  metallographic 
specimen.  Under  the  microscope  two  phases  and 
micro-pores  are  seen  on  metallographic  specimen 
without  pickling. 

Micro  hardness  of  KXH-15  PCMHP  matrix  was 
measured  under  load  of  1 00  g. 

Clearly  distinguished  PCMHP  matrix  components 
have  micro-hardness  1450  and  900,  respectively, 
there  are  local  parts  of  HV  i0o  1800. 

Derivatogram  of  heating  in  air  and  at  velocity  of 
7.5  degree/m  in  showed  that  KXH-15  PCMHP 
with  dceii  =  3.69  mm  and  specific  density  (0)  of 
7.17  %  increases  evidently  in  mass  from  995°C, 
the  mass  increases  byl.0%  at  1145°C.  Ni-Cr 
PCMHP  possessing  similar  characteristics  has 
mass  increase  from  830  °C,  the  mass  increases  by 
%  at  1000°C. 

The  samples  of  KXH-15  and  X24H75  PCMHP, 
similar  cell  average  diameter  of  3.4  mm  and 
density  of  0.39  and  0.55  g/cm3,  respectively, 


undergone  the  comparative  oxidation  in  air  up  to 
5  hours  at  900°C.  KXH-15  showed  slight  mass 
loss,  X24H75  -  mass  increase:  -0.12  and  +0.90  %, 
respectively.  Therefore,  we  can  conclude:  KXH- 
15  PCMHP  is  more  (165-140)  °C  heat  resistant 
than  Ni-Cr. 

Strength  properties  of  KXH-15  PCMHP  were 
estimated  during  compression  test  of  samples 
processes  by  diamond  grinding  wheel,  speed 
0.2  mm/min  (Table  3).  KXH-15  PCMHP  crushes 
in  fragments,  it  is  untypical. 

KXH-15  PCMHP  showed  compression  strength 
like  Ni-Cr  PCMHP,  its  strength  essentially  more 
than  that  of  PCMHP  based  on  oxide  ceramics 
which  compression  strength  does  not  exceed 
1  MPa  at  0=10  %. 


Table  3.  KXH 

[-15  PCMHP  strength 

properties 

d  cell? 

Y, 

0,% 

G  compr? 

mm 

3 

g/cm 

MPa 

3,66 

0,55 

7,1 

1,9 

1,92 

0,50 

6,4 

1,7 

0,92 

0,72 

9,3 

4,9 

Conclusions 


The  method  for  KXH-15  PCMHP  suspension 
molding  is  developed.  Determined  that  its 
compression  strength  is  similar  to  SiC  and  Ni-Cr 
alloy  PCMHP  and  much  exceeds  PCMHP  based 
on  oxide  ceramics.  Heat  resistance  of  KXH-15 
PCMHP  exceeds  Ni-Cr  PCMHP. 
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CONTACT  SPOT  WELDING 

Kuimov  Sergey.  Filonov  A. 
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Russia 


Traditionally  in  Russia  and  abroad  contact  spot 
welding  electrodes  of  sheet  and  other  products  are 
produced  from  cast  bronze  (EpX,  EpXLfp, 
EpEHT)  etc.  However  these  materials  with  their 
operational  characteristics  do  not  completely  meet 
to  the  requirements  of  welders  and  are  expensive 
because  of  irrational  use  of  material  resources: 
low  operating  ratio  of  metal,  complex  technology, 
ecological  problems,  and  the  trouble-free 
technology  is  not  found  up  to  now. 

The  researches  of  the  various  authors  in  the  field 
of  contact  welding  have  resulted  to  development 
and  introduction  into  an  industry  a  perspective 
class  of  dispersible  -  harden  composite  materials 
(DHCM)  on  the  basis  of  powdered  copper.  The 
technology  is  simple,  the  resistance  of  electrodes 
made  of  DHCM  in  welding  is  higher  in  compare 
with  electrodes  made  of  cast  bronze.  Nevertheless 
cost  of  electrodes  made  of  DHCM  is  also  high 
because  of  large  price  on  copper  electrolytic 
powder. 

In  join-stock  company  «  Revda  Non  Ferrous 
Metals  Processing  Works  »  the  perspective 
technology  of  receiving  of  bars  made  from 
DHCM  having  diameter  12-80  mm  (patents  of 
Russia  Jfg  2159297,  2161084)  for  electrodes  of 
contact  spot  welding  in  mechanical  engineering, 
ferro-concrete  products  etc.  with  use  of 
electrolytic  and  sprayed  copper  powders  is 
mastered. 

A  basis  of  the  technology  of  semi-finished  items 
from  DHCM  is: 


•  Manufacture  of  the  sprayed  copper  powders  and 
copper  alloys  from  waste  (Scrap  of  wire,  bars, 
pipes,  rejected  semi-finished  items); 

•  Chemical-mechanical  doping  of  initial  powders; 

•  Cold  pressing  received  granules  into  briquettes 
on  hydraulic  (vertical  or  horizontal)  press  - 
machines,  or  into  the  bars,  which  can  be 
subjected,  if  necessity,  heat  treatment  (hardening, 
ageing),  smelting,  calibration,  raising  accuracy  of 
the  sizes  and  improving  their  properties  and 
quality  of  a  surface. 

With  the  purpose  of  increase  of  electric 
conductivity,  heat  conductivity,  and  operational 
characteristics  of  electrodes  in  welding  process 
the  technology  of  reception  be-metallic  bars  is 
developed:  as  an  environment  serve  cold-drawn 
thick-walled  tubes  made  from  cast  electrolytic 
copper,  core  -  bars  made  of  DHCM  with  various 
structures.  Cost  of  be-metallic  bars  is  lower  than 
cost  of  mono-bars  made  of  DHCM  and  the  more 
so,  then  cost  of  the  best  electrotechnical  bars 
made  from  cast  bronze. 

Developed  construction  of  compound  electrodes 
made:  a  tip  -  from  be-metallic  bars,  base  -  from 
drawn  cast  copper  bars  (the  patent  of  Russia  for 
model  Ns  20270),  allows  considerably  to  reduce 
the  charge  of  materials,  to  make  welding  works 
cheaper. 

In  the  table  the  comparative  characteristics  of 
semi-finished  items  made  from  DHCM  (mono  and 
be-metal)  and  traditionally  used  in  welding  of 
Russia  and  abroad  are  submitted. 
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Material,  grade,  country  -  Brinell 

manufacturer  hardness,  HB 


DHCM,  KM-4,  Russia _ 190-200 

2  DHCM,  KM-25,  Russia _ 200-250 


3  Be-metal:  envelope,  M-l  with  70-90  190-200 
rod  DHCM  KM-4  -  with  rod  200-250 

DHCM  KM-25  _ _ _ 


Copper  M- 1 ,  Russia _ 70-90 


5  I  Bronze  EpX,  Russia _ 1 10-130 


6  Bronze  EpXIIp,  Russia _ 120-130 


E  Bronze  EpEHT,  Russia _ 170-240 


8  I  Element  HA,  Germany _ 220-240 


„  .Mallori-3,  USA _ 130-135 

10  Mallori-100,  USA _  190-240 


98 


70-80 


80-85 


45-55 


45-50 


150-300 


350-450 


480-500 


500-550 


500-600 


450-500 


500-550 


Taking  into  account,  that  the  resource  of 
electrodes  made  from  DHCM  exceeds  a  resource 
of  similar  electrodes  made  from  traditional 
bronze,  the  need  of  product  made  from  DHCM 
(including  be-metal)  in  a  result  receives 
significant  benefit. 


Joint-sock  company  “Revda  Non-Ferrous  Metal 
Processing  Works”  is  ready  to  cooperate  with  the 
interested  consumers  of  our  production  on 
mutually  advantageous  conditions. 
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SYNTHESIS  OF  FULLERENKS  AND  THEIR  DERIVATIVES  DURING 
SIMTERING  OF  POWDER  STEELS 


Antsiferov  V.N.,  Grevnov  L.M. 

Research  Center  of  Powder  Material  Science,  Perm,  Russia 


Recent  achievements  in  the  field  of  carbon 
compounds  allow  to  presuppose  that  in  iron-carbon 
alloys  the  formation  of  free  carbon  such  as 
fullerenes,  bakitubes  and  globuls  is  possible  [1,2]. 
It  has  been  investigated  the  Influence  of  kind  and 
quantity  of  alloying  elements  on  synthesis  of 
fullerenes  and  their  derivatives  in  the  process  of 
low  temperature  sintering  of  powder  steels  in  the 
field  of  a-y  transformation.  For  this  purpose  steels 
on  the  basis  of  n>KP3.200.28  iron  powder  alloyed 
with  nickel,  copper  and  silicon  were  prepared. 

Concentrations  of  alloying  elements  were  changed 
within  5  to  20  %  at  1%  carbon.  Part  of  the  samples 
having  1 5  %  nickel  content  was  prepared  based  on 
P10  carbonyl  iron  and  OCH.6-2  iron.  Samples 
were  pressed  at  400  MPa  and  sintered  in  vacuum  at 
700  -  900  °C  for  1  -  5  hours. 

It  has  been  established  by  radiographic  analysts 
that  after  sintering  at  850  °C  for  5  hours,  metal 
fullerite  based  on  C60  fullerene  with  4.23  A  lattice 
period  was  formed  in  P10  iron  steel  with  15  % 
nickel  content.  The  synthesis  goes  more  actively  in 
surface  layers  of  the  sample  (4.27,  4.14,  3.34  and 
2.54  A  lines).  In  a  sample  core  it  was  observed 
only  one  intensive  enough  3,34  A  line  of  metal 
fullerite. 

In  steel  with  the  same  nickel  content  (15  %),  but 
on  the  basis  of  OCR  6-2  iron,  after  the  same 
sintering  mode,  it  was  generated  much  less 
fullerene  and  only  in  a  surface  layer,  and  this  is 
testified  by  single  3,34  A  line  of  average  intensity. 

Changing  the  nickel  content  from  5  to  20  %  in 
steel  based  on  n)KP3-200.28  iron  powder  results  in 
the  most  active  formation  of  metal  fullerene  at  1 5 
%  nickel  content.  Crystaliograms  of  this  steel 
sample  show  the  most  intensive  lines  of  a  metal 
fullerene.  On  a  surface  it  is  3.36  A  and  3.65  A 
lines,  and  in  a  core-  3,56  A  and  3,35  A. 

So,  the  synthesis  of  a  fullerene  most  actively 
occurs  in  P10  and  FDKP3. 200.28  iron  steel  alloyed 


with  1 5  %  of  a  nickel,  and  in  this  process  the  metal 
fullerite  with  the  14,23  A  lattice  period  is  formed. 

The  study  of  sintering  duration  effect  at  850  °C 
and  1  to  5  hours  has  shown  that  formation  of  metal 
fullerite  on  a  surface  of  samples  practically  does 
not  depend  on  duration  of  sintering.  In  a  core  of 
samples  the  synthesis  of  fullerenes  most 
intensively  occurs  when  sintering  for  3  hours. 

It  has  been  determined  that  change  of  sintering 
temperature  from  700  to  900  °C  renders 
insignificant  influence  on  formation  of  fullerenes. 

It  has  been  established  that  the  synthesis  of 
fullerenes  occurs  also  in  steels  alloyed  with  silicon. 

The  sintering  is  most  actively  in  5  %  silicon  steel. 
In  a  copper  steel  a  metal  fullerene  with  14,23  A 
lattice  period  is  also  formed.  The  synthesis  of 
fullerene  occurs  most  actively  in  steel  containing 
15  %  of  copper.  So,  nickel,  copper  and  silicon 
promote  the  synthesis  of  fullerenes  In  powder 
steel. 
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Polyblock  polysiloxane  copolymers  of  the  (AB)n 
type  consisting  of  rigit  polysiloxane  with  a  high 
vitrification  temperature  (A)  and  flexible 
polysiloxane  (B)  blocks  have  a  complex  of 
important  applied  properties.  So,  a  frost  resistance 
of  articles  of  their  basis  amounts  to  about  -100°C; 
a  heat  resistance  -  up  to  400°C  [1].  The 
combination  of  a  wide  temperature  range  of 
serviceability  and  high  adhesion  and  dielectric 
properties  allows  one  to  use  these  block- 
copolymers  as  the  basis  of  creation  of  the  film¬ 
forming  materials  for  the  wide  potential 
application  fields  -  from  protective  coatings  to 
selective-permeable  membranes.  Disadvantage  of 
the  obtained  films  is  a  unsatisfactory  complex  of 
elasticity  and  strength  parameters.  Because  of  the 
last  circumstance  the  formation  of  a  chemical  net 
in  addition  to  a  spatial  physical  one  being 
characteristic  for  block-copolymers  is  recognised 
as  necessary.  The  formation  of  the  chemical  spatial 
net  is  the  more  effective  to  increase  the  strength 
parameters  at  maximum  deformations.  But,  as  a 
practical  matter  attainment  of  the  strength 
parameters  as  much  as  possible  at  deformation  up 
to  300%  is  often  required.  In  order  to  solve  this 
problem  filled  compositions  might  be  used. 
Reinforcement  effect  is  closely  bound  up  with  so 
called  "size  effect",  i.e.  physical  and  chemical 
properties  of  substances  change  as  the  particle  size 
decreases  [2].  At  the  same  time  a  maximum  "size 
effect"  is  observed  as  the  dispersivity  of  particles 
increases  up  to  10  nm,  when  a  part  of  surface 
atoms  is  commensurable  with  a  part  of  atoms  being 
in  the  substance  volume. 

The  present  work  has  for  an  object  to  obtain  the 
high-strong  polymer  film  materials  on  the  basis  of 
nanocomposites  of  polyblock  polysiloxane  block- 
copolymers  designed  for  use  in  corrosion  medium. 

As  a  polymer  matrix  the  polyblock  block- 
copolymer  of  "ladder"  phenylsilsesquoxane  and 
polydimethylsiloxane  (LPhS-PDMS)  produced  at 
the  S.V.Lebedev  Scientific-research  institute  of 
synthetic  rubber  (Saint-Petersburg)  on  an  pilot- 


industrial  scale  was  used.  When  choosing  the 
nanofillers  their  availability  on  an  industrial  scale 
was  taken  into  consideration.  This  criterion  limited 
the  choice  by  a  high-dispersed  silicon  dioxide 
(Aerosil  A-300)  and  detonation  synthesis 
ultradispersed  diamonds  (UDD).  Because  of 
renewal  of  high-dispersed  glass  spheres  (GSph) 
production  the  study  of  prospects  of  their  use  as  a 
filler  is  also  expedient . 

In  order  to  obtain  the  filled  materials  the  solution 
technology  was  used.  According  to  this  technology 
a  diy  powder  of  filler  particles  were  dispersed  into 
a  toluene  solution  of  block-copolymer.  To  reach 
the  uniformity  of  surface  characteristics  of  fillers 
they  were  previously  warmed  up  at  400°C  in  the 
vacuum  cabinet.  The  strength  parameters  of  non¬ 
filled  films  of  LPhS-PDMS  were  used  as  initial 
strength  parameters  for  comparison  with  the  filled 
ones  obtained  at  the  same  conditions.  It  turned  out 
that  the  use  of  selected  fillers  by  themselves  even 
after  preliminary  treatment  is  ineffective.  That  fact 
is  likely  to  be  bound  up  with  intensive  processes  of 
aggregation  of  filler  particles  in  non-polar  medium. 
Aggregation  processes  did  not  allow  one  to  reach 
the  uniform  distribution  of  the  filler  particles  in  the 
volume  of  a  polymer  matrix,  that  in  combination 
with  a  high  surface  activity  of  particles  resulted  in 
the  formation  of  structurization  units  and,  as  a 
result,  the  cracking  of  films.  The  aggregation 
processes  of  particles  with  hydrophilic  surface 
groups  in  non-polar  mediums  may  be  decreased  by 
means  of  chemical  modification  of  a  surface  with 
the  result  that  active  functional  surface  groups  will 
be  blocked  by  non-polar  ones.  With  that  object 
some  variants  of  hard-phase  sililization  were  used. 
A  number  of  water-repellency  treated  fillers  (A- 
300m  and  UDDm)  was  obtained. 

Some  characteristics  of  polydispersivity  curves  at 
the  more  effective  way  of  modification  of  a  surface 
are  presented  in  the  Table  1 . 

The  data  of  the  table  1  show  that  the  average 
numerical  diameter  values  (D)  reached  during  the 


201 


SECTION  C. 

ADVANCED  TECHNOLOGIES  FOR  PRODUCTION  AND  JOINING  MATERIALS  AND  PRODUCTS  FOR  OPERATION 
_ _ IN  HAZARD  CONDITIONS 


modification  of  a  surface  allow  to  refer  the  used 
fillers  to  nanodispersed  substances.  The 
suspensions  of  modified  fillers  in  toluene  remain 
stable  for  a  long  time  that  allowed  one  to  use  them 
for  obtaining  of  nanocomposite  films.  But,  it  was 
found  that  the  use  of  fillers  in  individual  state 
results  in  structurization  of  the  films  and  the  loss  of 
strength  properties. 

Table  1 


Some  characteristics  of  polydispersivity  curves 
_ of  filler  particles _ 


Parameters  of 
polydispersivity  curve 

Aerosil 

A-300m 

Glass  spheres 
GSph 

UDDm 

Average  numerical 

diameter  of  particles, 
D,  nm 

22,0 

39 

14,5 

Content  of  particles 
with  the  size  <  10  nm, 
% 

20,6 

54,0 

At  the  same  time  a  maximum  degree  of  filling 
foregoing  structurization  depends  on  a  filler  type 
(minimum  one  for  UDD  and  maximum  one  for 
GSph).  To  explain  this  effect  the  parts  of  particles 
with  the  size  <10  nm,  i.e.  the  parts  of  particles  with 
the  well-marked  "size  effect"  (table  1)  were 
calculated  from  polydispersivity  curves.  As  shown 
in  the  table  data,  both  UDDm  and  A-300m  have  a 
great  part  of  particles  with  the  size  <10  nm.  One 
can  suppose  that  the  surface  activity  of  these 
particles  is  not  compensated  for  by  surface 
modification  and,  accordingly,  the  structurization 
processes  are  not  blocked.  The  possible  way  to 
reach  the  uniform  distribution  and  reduction  of  the 
high  surface  activity  of  particles  is  the  use  of 
compositions  of  nanometric  and  low-dispersed 
substances.  At  the  same  time  the  character  of 
distribution  of  a  filler  in  a  volume  will  be 
characterised  by  the  presence  of  ensembles  formed 
by  big  particles  of  one  filler  surrounded  with  small 
particles  of  other  filler.  Fields  of  forces  and  the 
surface  activity  of  fillers  of  different  sizes  due  to 
superposition  and  interference  determine  a  larger 
isotropy  of  properties  than  when  using  of  an 
individual  nanometric  filler.  In  the  given  work  the 
glass  spheres  were  used  as  a  low-dispersed 
component.  The  work  on  optimisation  of  a 
composition  of  the  composite  fillers 
GSph  -A-300m  and  GSph-UDDm  was  carried  out. 
That  work  showed  that  the  composite  fillers  on  the 
basis  of  UDDm  is  more  effective  to  use.  So,  the 
filling  with  the  5%  composite  filler  (2,5% 
GSph+2,5%  UDDm)  allowed  one  to  obtain 
practically  a  double  increase  in  strength  parameters 
at  satisfactory  elasticity  (table  2). 


Table  2 


An  influence  of  filling  on  strength  parameters  of  LPhS- 
_ PDMS  (T=20°C)  _ i _ 


Block-copolymer  film 

Mioo» 

MPa 

M300, 

MPa 

p, 

MPa 

L, 

% 

Initial 

2,0 

3,7 

5,2 

550 

Filled* 

4,3 

6,4 

7,0 

300 

where  M)c0  -  modulus  at  100%  deformation 
M30o  -  modulus  at  300%  deformation, 

P  -  rupture  stress, 

L  -  elongation  at  rupture, 

*  -  filler  composition  (2,5%  GSph  +  2,5  UDDm) 

The  conclusions: 

Based  on  the  work  results  one  can  conclude  that  an 
effect  of  the  UDD-use  as  a  nanofiller  allows  one  to 
reach  a  great  reinforcement  at  a  degree  of  filling 
less  than  3%. 
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Phosphorus  is  very  active  doping  element  that 
allows  one  the  synthesize  single  crystals  of  cubic 
boron  nitride  (cBN).  In  this  connection  we  report 
here  a  research  focused  on  the  influence  of 
phosphorus  additions  (0.10  -  1.00  mass  %)  on  the 
degree  of  the  graphite-like  boron  nitride  (gBN)  -» 
cubic  boron  nitride  (cBN)  conversion  and  the 
growth  peculiarities  of  cBN  single  crystals  during 
spontaneous  crystallization  of  the  latter  in  the  Li  - 
B  -  N  system  with  the  use  of  LiH  (10  mass%)  as  a 
catalyst  in  the  mixture  with  easily  decomposable 
nitrogen-containing  additions  and  phosphorus 
additions  at  a  pressure  of  4.3  GPa  over  the 
temperature  range  1940  to  2080  K  for  the  time 
interval  of  up  to  300  s.  It  is  found  that  the 
phosphorus  concentration  over  1.0  mass  %  in  the 
mixture  suppresses  the  nucleation  and  growth  of 
cBN  single  crystals.  Therefore  the  doping  addition 
concentration  in  our  experimental  study  on  the 
kinetic  parameters  of  synthesis  did  not  exceed  0.5 
mass  %.  The  graphite-like  boron  nitride  had  the 
following  lattice  parameters:  a  =  0.2504  and  c  = 
0.6658  nm,  degree  of  three-dimensional  ordering  p 
=  0.85,  graphitization  index  G  =  1.45.  The 
dimension  of  the  starting  graphite-like  boron 
nitride  varied  from  1  to  20  pm. 

The  kinetic  dependences  of  the  degree  (@(t)  of  the 
gBN  -»  cBN  conversion  and  the  largest  crystal 
sizes  (L(t)  were  explored  at  a  pressure  of  4.3  GPa 
and  the  temperatures  of  1940,  2010  and  2080  K  for 
the  time  interval  of  300  s.  Thereafter  the  reaction 
products  were  treated  with  the  potassium  oxide 
melt  to  result  in  the  complete  decomposition  of  the 
graphite-like  boron  nitride  and  the  as-obtained 
crystallites  were  investigated. 

Fig.  1  gives  the  kinetic  dependences  of  the  degree 
@  (@  =  m  cbn  x  p  hBN  /  m  hBN  x  p  CBN;  where  m  cBn 
and  p  cbn,  m  cbn  and  p  hBN  are  the  mass  and  density 
of  cBN  and  hBN,  respectively)  of  the  hBN  -»cBN 
conversion  at  temperatures  of  1940,  2010  and  2080 
K  and  a  pressure  of  4.3  GPa  on  the  addition  of 
phosphorus:  0.10  mass.%  (curves  1,  4  and  7);  0.25 
mass.%  (curves  2,  5  and  8);  and  0.50  mass.% 
(curves  3,  6  and  9). 

For  0.10,  0.25  and  0.50  mass  %  phosphorus 
additions  the  character  of  temperature  dependences 


(a(t)  is,  practically,  identical,  i.e.  the  degree  of 
conversion  rises  with  increasing  temperature  and  it 
also  enhances  as  the  phosphorus  concentration 
increases  from  0.10  to  0.50  mass  %.  It  is  significant 
that  the  induction  period  decreases  with  rising 
temperature  from  60  s  at  1940  K  to  30  s  at  2010  K 
and  20  s  at  2080  K  for  all  the  concentrations.  It  is 
obvious  from  the  figure  that  all  the  curves  have 
either  a  sigmoidal-like  shape  or  are  the  lower 
branch  of  a  sigmoidal  curve,  thus  testifying  to  fairly 
equilibrium  conditions  of  crystallization  [1].  The 
maximum  value  @  is  noted  at  the  synthesis 
temperature  equal  to  2080  K,  and  the  phosphorus 
concentration  with  the  addition  of  3.0  mass.  % 
measures  0.26. 


t.  s 

Fig.  1.  Time  dependencies  of  the  degree,  @,  of  BN 
conversion  in  the  BN  -  LiH(N,  P)  system  for 
phosphorus  concentration  of  0.10,  0.25  and  0.50  mass.% 
at  temperatures  of  1940,  2010  and  2080  K.  The  pressure 
is  4.3  GPa. 

The  analogous  character  of  the  temperature  and 
concentration  dependence  is  observed  for  the 
largest  linear  size  of  the  single  crystals  L,  indicating 
the  similiarity  of  the  processes  occurring  during  the 
nucleation  and  crystal  growth  (Fig.  2). 

The  degree  of  phase  transformation  is  described  by 
the  Kolmogorov  -  type  expression: 

a(t)  =  1  -  exp  (-  K  t m  ), 
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where  the  temperature  dependence  of  the  reaction 
rate  constant  K  is  expressed  in  terms  of  the 
Arhenius  equation 

K  =  K0exp  (-  U/kT) 

while 

m  =  (|  In  |  In  (  1  -  a  )  -  In  AT )/  In  t. 


Fig.  2.  Time  dependences  of  the  largest  size  L  of  cBN 
crystals  for  phosphorus  concentrations  of  0.10,  0.25 
and  0.50  mass.%  at  temperatures  of  1940,  2010  and 
2080  K.  The  pressure  is  4.3  GPa. 

The  kinetic  parameter  m,  as  shown  from  the 
calculations  based  on  the  experimental  values  of  a 
at  the  given  temperatures,  is  independent  of 
temperature  and  is  very  close  to  4,  which  testifies 
to  fairly  equilibrium  conditions  under  which  the 
crystal  growth  has  taken  place.  The  value  of  m  in 
the  initial  stage  of  conversion  for  which  the 
activation  energy  of  the  cBN  formation  processes 
was  determined  from  the  slope  of  the  straight 
dependences  In  |  In  (1  -  a)  |  -  In  t.  The  activation 
energy  of  the  gBN  — »  cBN  conversion  was 
evaluated  from  the  slope  of  the  straight  linear  for 
In  AT  as  a  function  of  1/T.  These  values  appeared 
to  be  53.0  kJ/mol  when  introducing  0.10  mass  % 
phosphorus  into  the  mixture,  48.0  kJ/mol  when 
introducing  0.25  mass  %,  and  43.0  kJ/mol  on  the 
addition  of  0.50  mass  %  phosphorus.  In  our  earlier 
work  we  used  Li3N  (10  mass%)  as  a  catalyst.  The 
energy  of  the  process  of  cBN  formation  is  found 
to  be  60  kJ/mol  [2].  The  as-obtained  syngie 
crystals  were  yellow,  light  yellow  or  amber  in 
colour.  The  length  of  the  largest  crystals  made  up 
200  -  450  pm. 


It  is  recognized  that  the  kinetics  of  crystal 
nucleation  and  growth  can  be  affected  by  either 
soluble  or  insoluble  impurities  in  the  melt  [3],  In  a 
heterogeneous  solution,  the  crystal  nucleation  is 
made  easier  as  the  value  of  free  energy  change 
needed  for  a  new  phase  to  appear  is  lower  than  that 
in  the  case  of  nucleation  in  homogeneous 
solutions.  This  is  due  to  the  reduction  in  the 
surface  energy  at  the  interface  between  the 
insoluble  impurity  and  the  melt.  At  a  pressure  of 
4.3  GPa,  the  fine-grained  phosphorus  particles  in 
the  temperature  range  1940  -  2080  K  are  molten. 
Because  the  degree  of  conversion,  @,  increases 
with  the  addition  of  1 .0  mass.  %  phosphorus  into 
the  mixture  and  decreases  with  the  addition  of  1 .0 
-  3.0  mass.%,  it  may  be  suggested  that  phosphorus 
is  either  dissolved  or  is  present  in  the  form  of 
insoluble  aggregates  whose  density  is  higher  than 
that  of  the  melt.  In  this  case,  the  nucleation  takes 
place  at  the  interface  of  phases  with  various 
densities.  For  small  phosphorus  concentrations  up 
to  0.1  -  0.5  mass.  %,  its  soluble  fraction  influences 
the  melt  viscosity  insignificantly  and,  as  a  result, 
an  increase  in  @  is  observed  since  the 
thermodynamic  factor  dominates  and  nucleation 
occurs  at  the  surface  of  insoluble  particles.  Adding 
phosphorus  above  1.0  mass.  %  brings  about  an 
increase  in  its  concentration  in  the  solution  and  that 
of  its  viscosity.  In  this  event,  the  kinetic  factor 
prevails  and  the  nucleation  rate  decreases,  leading 
to  the  reduction  of  the  degree  of  the  hBN  ->  cBN 
conversion  and  crystal  growth  rate.  At  the  same 
time,  a  lowering  of  the  eutectic  temperature  is 
observed.  AH  these  observations  show  clear 
evidence  of  the  effect  of  the  phosphorus  additions 
to  the  mixture  in  the  kinetic  processes  of  cBN 
ciystallization.  The  mechanism  of  the  effect  of 
phosphorus  on  the  crystallization  process  is  so 
complicated  that  further  investigation  is  needed. 

The  as-obtained  crystals  demonstrated  n-type 
conductivity,  their  resistivity  ranged  from  10  3  to 
10  7  Q-  cm,  the  dislocation  density  in  the  best 
crystals  varied  from  1 0  3  to  1 0  5  cm  ‘2 . 

[1]  V.B.Shipilo,  L.M.Gameza,  A.I.Lukomskii, 
Superhard  Mater.  5  (1995)  16  (In  Russian). 

[2]  V.B.Shipilo,  L.M.Gameza,  N.V. Semashko,  and 
T.S.Bartnitskaya,  J.  Phys.  Chem.  63,  6  (1989)  1599  (In 
Russian). 

[3]  N.I.Galperin,  G.A.Nosov,  Fundamentals  of  the  melt 
Crystallization  Techniques,  Chemie,  Moscow,  1975,  p. 
351  (In  Russian). 
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PROBLEM  OF  DEPOSITION  OF  HEAT  PROTECTION  AND  CAVITATION 
COATINGS  ON  SLEEVE-PISTON  GROUP  OF  INTERNAL  COMBUSTION 

ENGINES 

Tretivak  M..  Petukhov  A.(1),  Chuprasov  V.(2) 

(,)Minsk  Motor  Factory,  Minsk,  Belarus 
(2)Luikov  Heat  and  Mass  Transfer  Institute,  NAS  of  Belarus,  Minsk,  Belarus 


Improvement  of  internal  combustion  engines 
requires  creation  of  new  materials  ensuring 
decrease  in  heat  losses  from  a  working  medium 
into  a  cooling  system,  diminution  of  influence  of 
high  temperatures  on  efficiency  of  details,  increase 
in  their  resistance  to  wear,  etc. 

An  effective  method  of  solving  some  problems  is 
deposition  of  coatings  on  a  working  surface  of 
details  of  an  engine.  The  application  of  ceramics 
and  cermets  for  creation  of  heat  protection  coatings 
leads  to  essential  improvement  of  performance  of 
engine  work  [1]. 

The  more  effective  and  full  combustion  of  fuel 
takes  place  as  a  result  of  which  consumption 
decreases  by  approximately  3-9  g/(kW  h)  and  the 
amount  of  unsaturated  hydrocarbons  and  hydrogen 
in  exhaust  gases  decreases. 

The  character  of  fuel  combustion  changes,  which 
causes  decrease  of  maximum  pressure  in 
combustion  chamber  and,  as  a  consequence, 
decrease  of  vibration  and  noise;  "softer" 
operational  mode  reduces  wear  of  bushes  of  the 
cylinder  and  conrod  inserts. 

The  rate  of  accumulation  of  polymerization 
products  and  condensation  of  hydrocarbon  in  oil 
decreases,  causing  decrease  in  carbon  varnish 
deposition. 

The  thermal  stresses  in  the  piston  diminish,  which 
leads  to  increase  of  its  service  not  less  than  by  a 
factor  of  1.5. 

In  connection  with  an  essential  modification  of 
combustion  process,  the  application  of  heat 
protection  coatings  requires  development  of  new 
constructions,  but  even  their  use  in  existing 
engines  can  considerably  improve  characteristics 
of  these  latter. 

It  is  usual  to  employ  plasma  units  for  deposition  of 
coatings  of  various  composition  with  thickness  of 


0.1-1. 0  mm  on  details  of  engines.  However,  this 
complicates  the  process  and  rises  its  price,  so,  for 
example,  the  specific  costs  in  electric  arc 
metallization  are  almost  two  orders  of  magnitude 
less  [2], 

In  electric  arc  metallization,  sputtering  of  metal 
wires  is  carried  out,  and  thermal  conductivity  of 
coatings  is  rather  high.  However,  it  is  possible  to 
select  operational  modes  of  the  unit,  for  which 
deposited  coating  can  contain  up  to  60  %  of  oxides 
[3],  i.e.  the  layer  deposited  is  practically  composed 
of  cermet.  Besides,  a  metal  coating,  for  example, 
aluminum  one,  can  be  hereinafter  subjected  to 
electrochemical  processing  with  formation  of  the 
A1203  layer  .  As  a  result,  the  multilayer  coating 
with  a  metal  sublayer  and  ceramic  surface  is 
generated. 

In  this  connection,  we  investigated  a  possibility  of 
manufacture  of  coatings  from  metal  wires  by  a 
method  of  electric  arc  metallization  for  the  purpose 
of  their  further  use  for  protection  of  details  of  the 
combustion  chamber  of  internal  combustion 
engines.  As  an  adding  material,  the  wires  of 
aluminum  and  nichrome  with  a  diameter  of 
1. 8-2.2  mm  were  used. 

Thermal  conductivity,  hardness,  heat  resistance, 
and  structure  of  coatings  are  determined.  To 
determine  thermal  conductivity,  samples  of  2.5-5 
mm  thick  were  sprayed.  The  thermal  conductivity 
of  "aluminum"  coatings  for  density  (2.1—2. 1 5)- 103 
kg  /  m3  in  the  temperatures  range  of  25-125°  C 
was  equal  to  49  W  m",  K'1,  which  is  less  than  the 
value  for  pure  aluminum  (210  W-nf'-K'1)  [4]  by  a 
factor  'approximately  equal  to  four  [4].  The 
thermal  conductivity  of  "nichrome"  coatings  in  the 
range  of  25-150°  C  is  equal  to  4  WnT'-K'1,  which 
in  3-5  times  is  lower  than  for  monolithic  material 
(12-22  W-m‘l-K'1)  [4].  For  comparison,  the 
thermal  conductivity  of  partially  stabilized 
zirconium  dioxide,  recognized  as  one  of  the  most 
perspective  materials  for  protection  of  a  working 
surface  of  the  combustion  chamber,  is  equal  to  1 
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W-nf'-K'1  [5], 

The  microhardness  of  an  "aluminum"  layer 
depending  on  a  procedure  of  metallizator  ranges  up 
to  (80 —  1 50)- 1 07  N-m’2,  which  is  to  two  times  more 
than  [1]  reports  and  considerably  more  than  the 
hardness  of  annealed  aluminum  ( 1 8.4- 1 07  N-m'2). 

An  investigation  on  thermal  shock  was  carried  out 
with  the  specially  manufactured  samples.  The 
coating  of  size  of  160x30x5  mm  was  deposited  on 
a  plate  of  steel  20  kp  at  both  sides  (A  and  B).  The 
thickness  of  coatings  is  presented  in  the  Table. 


Table 


No.  of  a  sample 

Thickness  of  coating,  mm 

A 

B 

1 

0.50-0.60 

0.20-0.30 

2 

0.30-0.35 

0.15-0.25 

3 

0.40-0.45 

0.20-0.30 

4 

0.70-0.80 

0.25-0.35 

The  essence  of  the  technique  of  tests  was  that  the 
samples  were  subjected  to  heating  in  the  furnace 
from  a  cold  state,  to  endurance  within  20  minutes 
at  temperature  of  600°  C,  and  further  to  cooling  in 
water  at  temperature  of  1 8°  C  for  all  the  samples. 


It  is  found  that  after  348  tests  cracks  appeared  on 
the  A  sides  of  all  four  samples  (thickness  of  the 
coating  on  the  side  A  was  more  than  on  the  side  B 
by  a  factor  approximately  equal  to  2-3).  Thereafter 
the  number  of  tests  was  enlarged  up  to  446, 
however  for  all  the  samples  cracks  in  the  coatings 
did  not  form  on  the  sides  B  and  any  mechanical 
damages  (exfoliation,  increase  in  number  of 
cracks,  etc.)  were  not  revealed  on  the  sides  A. 

The  analysis  of  metallographic  investigation  shows 
that  pores,  cracks,  and  exfoliations  of  coatings 
from  substrates  are  not  revealed  in  the  transitional 
zone  "substrate  material-coating".  The  observable 
cracks  in  coating  after  tests  on  thermal  shock  do 
not  result  in  "peeling"  of  coating  and  do  not  reduce 
an  adhesion  of  coating  with  a  substrate. 

Except  for  the  listed  investigations,  the  Institute 
together  with  the  engine-repair  enterprises  carry 
out  works  on  deposition  of  anticavitation  coatings 
on  the  outside  of  sleeves  of  cylinders  of  internal 
combustion  engines  by  a  method  of  electric  arc 
metallization. 

At  present  the  tests  of  erosion  of  coatings  of 
powder  wire  PP-MM-63  and  PP-TP1  on  cavitation 
stability  under  operating  conditions  of  engines  are 
conducted. 
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Modem  aluminium  cell  cathode  lining  designs  are 
based  on  prebaked  carbon  bottom  blocks  with 
joints  between  individual  bottom  blocks.  Joints 
seald  with  a  carbonaceous  ramming  paste.  Cold 
ramming  paste  (CRP)  is  a  composite  carbon  material. 
It  is  used  at  the  aluminium  electrolyzer  cathode 
manufacturing.  In  fact,  burning  is  the  most  important 
step  of  electrolyzer  cathode  preparing  before  it  will  be 
put  into  operation  at  high  temperatures  (about  1000°C) 
as  well  as  upon  corrosive  medium  (such  as  the 
electrolyte,  melted  aluminium). 

During  burning  a  CRP  carbonization  is  occurred,  at 
that  a  cathode  becomes  a  solid  structure.  Burning 
temperature  impact  on  the  carbonization  process  was 
investigated  in  [1, 2],  Typical  temperatures  of  the  basic 
carbonization  steps  are  ranged: 

1  stage:  20  -  (200... 220)°  C  -  a  binder  softening  of  the 
cold  ramming  paste,  evaporation  of  the  dissolved  gases 
and  a  water  as  well  as  binder  volatile  fractions,  a 
binder  migration  in  the  seal. 

2  stage:  (200... 220)  -  350°  C  -  a  process  of  the  semi¬ 
coke  structure  forming  which  is  completed  with  a  CRP 
solidification; 

3  stage:  350  -  (450. ..500)°  C  -  a  semi-coke  structure 
transformation  into  coke. 

The  most  important  in  technology  is  the  burning 
process  second  step  which  is  completed  with  a  semi¬ 
coke  creation.  To  make  a  binder  coke  residuum  greater 
could  be  possible  by  burning  rate  decreasing  [3]. 
Therefore  at  burning  drawing  up  development  it  is 
necessary  to  determine  temperature  boundaries  of  the 
second  step. 

In  this  research  a  gassing  processes  from  ramming 
pastes  samples  produced  by  different  manufacturers 
(conditional  names  A  and  B)  research  results  (fig.  1) 
are  represented.  The  gassing  process  mass  rates  plots 


analysis  shows  the  second  step  is  determined 
by  the  following  temperature  intervals: 

paste  A -250... 330°  C  (fig.  l,a). 
paste  B  230. .  .300°  C  (fig.  1,  b). 


0  100  200  300  400  500 

Temperature,  C 


a)  1  - 1  °/min;  2-1,5  °/min; 


Temperature,  C 

b)  1  -7,3  7min;2-/,d°/min 
Fig.  1. 

At  the  aluminium  electrolyzer  burning  time¬ 
table  development  it  is  recommended  to  take 
into  account  results  of  ramming  pastes 
coking  investigation;  namely  to  make  heat 
flux  rate  rather  lower  during  semi-coke 
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formation.  It  will  allow  to  raise  a  coke  yield  output 
from  binding  on  5  %. 


JlHTepaTypa 

1.  LUhjiobhh  T.E.  EKcnepHMeHTajibHe 
aocnijDKeHHH  Bn/iHBy  TeMnepaTypn  na 
npouecn  KOKcyBaHHH  HaSHBHoi  Macn  npn 
obnaiteHHi  anioMiHieBoro  ejieKTpojmepa. 
//HayKOBi  BicTi  HTW  «KIII».  Jfs  6,  2000, 
-c.41-45. 

2.  TpoMOB  E.C.,  riaHOB  E.H.,  Eowemco  M.<D. 
h  ^p.  06)KHr  h  nycK  aniOMHHHeBbix 
3jieKTpoxiH3epoB//  -M.:  Pyaa  h  MeraruiM.  - 
2000. -336  c. 

3.  Hajibix  E.cl).  OOxcnr  ojieKTpoaoB.  -  M.: 
MeTamiyprHfl,  1981.-  116c. 
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SYNTHESIS  AND  PHYSICAL  PROPERTIES  OF  LaY03  YSc03  AT  HIGH 

TEMPERATURES 

V.  Dubok,  V.  Lashneva 

Frantsevitch  Institute  for  Problems  of  Materials  Science  Ukraine,  National  Academy  of  Sciences, 

Kiev,  Ukraine 


Study  of  physical  properties  of  complex  refractory 
oxides  attracts  attention  due  to  search  of  new 
oxygen  ion  conducting  materials.  The  most 
essential  of  them  are  the  oxides  with  perovskite 
like  crystal  structure,  which  have  manifold 
electrical,  magnetic,  optical  and  other  properties 
stipulated  by  their  crystalline  structure.  Special 
kind  of  the  compounds  consists  of  inter  rear  earth 
or  interlanthanoid  oxides  which  are  formed  by  two 
rare  earth  oxides  (ORE).  Owing  to  features  of  4f 
electron  shells  of  rare  earth  cations,  availability  of 
several  degrees  of  oxidation  and  difference  of  their 
ionic  radiuses  exists  a  lot  of  capabilities  to  regulate 
physical  characteristics  of  the  interlanthanoid 
oxides. 

The  method  to  regulate  gradually  properties  of 
the  interlanthanoid  perovskites  consists  in 
synthesis  of  their  mutual  solid  solutions,  i.e. 
synthesis  of  phases  with  three  or  more  different 
rare  earth  cations.  The  synthesis  and  properties  of 
solid  solutions  between  LaY03  and  YSc03  are 
presented  in  this  report. 

Synthesis  and  properties  of  individual 
perovskites  LaY03  and  YScOj  were  studied  earlier. 
It  was  described  that  their  electrical  conductivity  c 
is  determined  by  the  oxides'  non-stoichiometric 
disordering  and  substantially  depends  on 
impurities  concentrations.  The  impurities  can  both 
increase  and  decrease  the  value  of  electrical 
conductivity  a  as  well  as  activation  energy  ECT. 

In  temperature  range  900-1350  °C  a  of  the 
LaY03  and  YSc03  changes  under  the  exponential 
law,  at  the  partial  pressure  of  oxygen  P02  >  10  2  Pa 
the  electrical  conductivity  is  predominantly 
nonionic  of  p-type.  At  P02  <  10'2  Pa  the 
electroconductivities  of  the  compounds  are 
predominantly  ionic. 

To  study  properties  of  solid  solutions  on  the 
basis  of  LaY03  h  YSc03  the  samples  were 
synthesized  with  composition  LaY03  YSc03  (1:1) 
and  their  electrical  conductivity  was  studied  vs. 
temperature  (in  the  interval  700  -1550  °C)  and  vs. 
partial  pressure  of  oxygen  (from  atmospheric 
pressure  up  to  10  5  Pa)  in  conditions,  whenever 
possible  close  to  a  thermodynamic  equilibrium 
with  gas  environment. 


The  technology  of  the  samples  manufacturing 
included  continuous  chemical  coprecipitation  of 
hydroxides  La,  Y  and  Sc  from  aqueous  solutions  of 
nitrates  by  ammonia  solution,  grinding  of  the 
precipitate  and  its  calcination  at  temperature  1200 
°C  during  2-3  h  to  decompose  the  mix  into  oxides, 
repeated  grinding  of  the  obtained  oxides,  molding 
of  the  samples'  green  compacts  by  isostatic  method 
in  elastic  rubber  envelopes  at  pressure  400-500 
MPa  with  preliminary  vacuumization.  The  green 
compacts  were  calcined  in  air  at  temperature  1200 
-1300  °C  2  h,  then  sintered  in  vacuum  furnace  at 
temperature  1750  -  1800  °C  during  1  h,  then 
annealing  in  air  at  1300  °C  not  less  than  for  2 
hours. 

Open  porosity  of  the  samples  were  less  than  0,5 
%;  a  mean  grain  size  -  6  -  7  microns.  Petrographic 
analysis  reveals  that  the  samples  have  optical 
inhomogenities  and  consist  of  the  mixture  (1:1)  of 
optically  isotropic  and  anisotropic  phases. 

Electrical  conductivity  were  measured  by  2 
probe  method  at  alternating  current  with  frequency 
of  1500  Hz.  Electrodes  for  measurements  were 
bum-in  on  the  samples  with  platinum  paste  at 
temperature  1200  °C.  Partial  pressure  of  oxygen 
P02  in  the  camera  for  measurements  were  regulated 
by  solid  electrolyte  ceramic  pump  made  of  zirconia 
stabilized  by  yttria  ZrO?  (8  mol.%  Y203). 

Results  of  measurement  electrical  conductivity  of 
LaY03  YSc03  vs.  temperature  in  air  are  presented 
in  tab.  1,  and  in  the  environments  with  controlled 
P02  -  in  tab.  2. 

Electrical  conductivity  of  LaY03  YSc03  vs. 
temperatures  measured  in  air  can  be  described  by 
Arrhenius  equation.  In  temperature  range  1000  - 
1550°C  in  Arrhenius  coordinates  it  represents  by 
straight  line,  and  activation  energy  of  electrical 
conductivity  calculated  from  this  plot  is  E0  =  1,5 
eV.  Comparison  of  the  electrical  conductivity  of 
the  studied  samples  LaY03  YSc03  with  measured 
earlier  a  LaY03  and  YSc03  reveals  that  a  LaY03 
•YSc03  has  intermediate  value:  it  is  above  a 
YSc03,  but  is  lower  than  cr  LaY03  in  the  same 
conditions  of  measurement. 

At  temperature  range  700  -  850  °C  the 
conductivity  LaY03  YSc03  practically  does  not 
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depend  on  the  oxygen  partial  pressure  P02,  thus 
testifies  to  predominantly  ionic  nature  of  electrical 
conductivity  in  such  conditions. 

The  obtained  results  can  be  utilized  for  synthesis 
of  new  kinds  of  thermistors,  sensors  of  oxygen  and 
other  high  temperature  ceramic  sensors,  as  well  as 
functional  materials. 


Table  1  -  Results  of  measurement  of  electrical 
conductivity  of  LaY03  YSc03,  LaY03  and  YSc03 
vs.  temperature  in  air. 


T°C 

LaYOyYScOj 
a,  Ohm'xm"' 

LaY03 

a,Ohm’ 

!xnr' 

YSc03 

^Ohm-'xm-' 

1000 

1,0  xlO'2 

2,2x1 0'2 

2,7x1 0'3 

1100 

2,8  xlO'2 

6,3  xlO"2 

8,7x1 0‘3 

1200 

6,6x1  O’2 

1,6x10-' 

2,5  xlO’2 

1300 

1,4  xlO1 

3,3  xlO'1 

6,0  xlO-2 

1400 

2,6x10-' 

^6,3  xlO'1 

1,3  xlO"1 

1500 

4,0x10-' 

1,2 

2,8x10-' 

1550 

6,3  xlO'1 

Tab. 2.  -  Isotherms  of  electroconductivity  o 
of  LaYC>3  -YSc03  vs.  oxygen  partial  pressure 

P02 


T  °C 

Po2,na 

a,  Om-'xm"1 

700 

1,66  xlO4 

4,0  xlO"4 

1,0  xlO2 

4,0  xlO"4 

1,0  xlO'5 

4,0  xlO"4 

1,0  xlO"10 

4,0  xlO"4 

1,0  xlO-15 

4,0  xlO'4 

750 

1,66  xlO4 

5,8  xlO'4 

1,0  xlO2 

5,8  xlO"4 

1,0  xlO’5 

5,8  xlO"4 

1,0  xlO’’0 

5,8  xlO"4 

1,0  xlO"15 

5,8  xlO"4 

800 

1,66  xlO4 

9,6  xlO'4 

1,0  xlO2 

8,7  xlO"4 

1,0  xlO'5 

8,7  xlO'4 

1,0  xlO'10 

8,3  xlO'4 

1,0  xlO"15 

8,3  xlO'4 

850 

1,66  xlO4 

1,6  xlO'3 

1,0  XlO2 

1,3  xlO'4 

1,0  xlO'5 

1,3  xlO'4 

1,0  xlO"10 

1,2  xlO'4 

1,0  xlO"15 

1,2  xlO"4 

1 
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Continuous  silicon  carbide  fibers  are 
obtained  by  chemical  vapor  deposition  (CVD) 
method  and  are  used  mainly  as  reinforcement  for 
composites  with  metal  and  ceramic  matrices.  Such 
composites  can  service  at  temperatures  15)  to 
1273K  and  higher.  Reliability  of  work  of  such 
composite  products  depends  on  fiber-matrix 
interface  interaction  essentially. 

Rresearches  carried  out  before  are  showed 
that  for  prevention  of  interaction  (or  for  it 
essential  decreasing)  reinforcing  SiC  fibers  with 
carbides,  borides  and  nitrides  of  refractory  metals 
and  pyrocarban  coatings  are  successfully  used 

[1-3]. 

With  tire  purpose  of  choice  of  the  most 
suitable  composition  (from  a  point  of  view  of  least 
temperature  of  pyrocarbon  synthesis)  in  this  work 
performance  we  carried  out  the  following: 

(a)  thermodynamic  analysis  of 
pyrocarbon  deposition  reactions  from  some 
hydrocarbons  (acetone,  toluene,  methane,  n- 
geptan  and  tetrachloride  of  carbon); 

(b)  experimental  determination  of 
pyrocarbon  deposition  rate  from  indicated  above 
composition  on  SiC  fibers; 

(c)  determination  of  activation  energy  of 
pyrolysis  of  specified  above  combinations. 

Thermodynamical  analysis  allows  to 
determinate  a  conditions  of  probable  progress  of 
reactions  in  gaseous  phase.  As  base  of 
thermodynamic  analysis  is  values  of  Gibbs  free 
energy  of  reactions  (1)  in  temperature  range  500- 
2000K  : 

CXH,  ->xC+yH  (1) 

Since  the  reactions  of  pyrolysis  of 
hygrocarbous  take  place  at  high  temperatures  that 
dotation  of  changes  of  heat  capacities  of  reactions 
components  for  temperature  dependence  of  Gibbs 
potential  is  insignificant  and  therefore  we  use 
admission  ACp=const.  in  our  calculations.  Then 


the  equation  for  determination  of  AGr  value 
becomes  the  forms: 

AG j  =  A 1^298  ^*298  —  298^^°  ^ 

where  M0=  In— - 1  +  —  (3) 

298,2  T 

AGr  values  for  investigated  hydrocarbons 
was  calculated  wit  the  formula  (2).  Obtained  results 
for  temperature  range  500-2000K  are  showed  in 
figure. 

AGr.  kJ/mol 


Figure.  Dependence  of  a  Gibbs  free  energy  of 
temperature  for  pyrolysis  reactions  of 
hydrocarbons:  I-C7H&  2-CH4, 3-CC4, 4-(CH3)  2CO 
and  5-C7H16. 

As  will  be  seen  from  the  obtained  data 
most  favorable  substances,  from  a  point  of  view  of 
lower  pyrolysis  temperature,  is  n-geptan  mid 
toluene,  least  favorable  -  methane  and  tetrachloride 
carbon. 

Experimental  definition  of  rate  of  a 
pyrocarbon  deposition  was  conducted  on  such 
procedure.  The  carrier  gas  argon  was  sated  with 
pairs  of  hydrocarbons  in  glass  a  bubbler,  which  was 
placed  in  a  calorstat  at  temperature  293K  and  then 
inputed  in  the  chamber  of  pyrolysis.  In  the 
pyrolysis  chamber  a  silicon  carbide  fiber  was 
heated  by  an  electric  current,  which  was  connected 
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shutters.  Measuring  of  temperature  of  a  silicon 
carbide  fiber  was  conducted  by  an  optical 
micropyrometer  OMP-054.  The  time  of  a 
presence  of  a  fiber  in  a  reactor  was  5,  10,  15,  20 
and  25  seconds.  A  pyrocarbon  was  deposited  on  a 
fixed  silicon  carbide  fiber.  Thickness  and  surface 
quality  of  pyrocarbon,  obtained  at  different 
temperature-time  parameters,  measured  by  an 
optical  microscope  MEM-8  ft  is  determinated  that 
optimum  temperature  range  of  a  pyrocarbon 
deposition  from  various  hydrocarbons  is  1673- 
1773K.  The  coatings  obtained  at  lower 
temperatures  had  small  thickness  (less  than  0,  1 
micron)  and  at  higher  temperatures  of  a  deposition 
occured  degradation  of  silicon  carbide  fiber  that  is 
intolerable  from  a  point  of  view  of  further  use  of  a 
fiber  as  reinforcing  phase  of  composites. 
Obtained  dependences  of  thickness  of  a 
Pyrocarbon  layer  on  time  at  temperatures  1673K 
and  1773  K  have  shown,  that  the  greatest  rate  of  a 
pyrocarbon  deposition  takes  place  at  pyrolysis  of 
a  toluene  and  n-geptan,  and  least  -  at  pyrolysis  of 
methane  and  carbon  tetrachloride.  The  pyrocarbon 
deposited  from  a  toluene  and  n-geptan  were 
dense,  with  an  equal  smooth  surface  and  fine 
grained  structure. 

ft  was  interesting  also  to  determinate 
values  of  an  activation  energy  for  pyrolysis 
reactions  of  investigated  substances. 

According  to  paper(4]  for  determination 
of  an  activation  energy  it  is  enough  to  measure  a 
time  of  deposition  of  pyrocarbon  layer  that  have 
the  same  thickness  at  two  different  temperatures: 


.  i/y, 

t2-tx  18 1/, 


W 


ri 


where  ^j’2*  of  obtaining  of  a  coating  at 
temperature  T2; 

Tn'  time  of  obtaining  of  a  coat  at 
temperature  Tj; 

Date  of  temperatures  Tj  and  T2  W8S 
found  experimentally. 

The  results  of  calculation  of  date  of 
activation  energies  for  all  investigated  substances 
are  shown  in  the  table. 


Table.  Date  of  activation  energies  for  investigated 
types  of  reactions 


Type  of  reaction 

E«,kJ/ 

mol 

l 

C7H14  — >  7C  +  8Hj 

36 

2 

Cj-H*  -»  7C  +  4  H3 

72 

3 

A 

(013)3  CO  — >  3C  +  2Hj  +  HjO 

78 

4 

c 

CCl4->C  +  2Cl2 

171 

5 

CH<  -»  C  +  2H2 

398 

As  we  can  see  from  the  obtained  data  the 
greatest  values  of  an  activation  energy  are  obtained 
at  pyrolysis  of  methane  and  tetrachloride  of  carbon, 
least  -  at  pyrolysis  of  n-gektan  and  toluene,  that  is 
coordinated  well  with  the  kinetic  data  of  pyrolysis 
of  these  substances. 

Conclusion 

1.  The  thermodynamical  analysis  of  obtaining  of 
pyrocarbon  from  carbon  substances  in  wide 
temperature  range  is  carried  out. 

2.  The  greatest  velocity  of  obtaining  of  pyrocarbon 
takes  place  at  pyrolysis  of  a  toluene  and  n-geptan, 
and  least  at  pyrolysis  of  methane  and  carbon 
tetrachloride. 

3.  The  activation  energies  of  reactions  of  pyrolysis 

C7H8,  C7H14,  (CH3)2CO,  CCI4,  and  CH*  are 
determinated. 

References 

1.  Ning  X.J.,  Pirouz  P.,  Lagerlof  K  and  DiCarlo  J. 
The  structure  of  carbon  in  chemically  vapor 
deposited  SiC  monofilaments//!  Mater.  Res  Vol 
5.  No.  12  .-1 990. -P.2865-2876. 

2, Choy  K.L.  Effect  of  surface  modification  on  the 
inteifocial  chemical  stability  and  strength  of 
continuous  SiC  fibers  after  exposure  to  molten 
aluminum//Scripta  Metallurgies  et  Materialia, 
Vol.32,  No.2.-l 995.-P.21 9-224. 

3.Silenko  P.,  Shlapak  A,  Upadhyaya  D.  and  Froes 
F.  Hf  and  Zr  carbide  barrier  layers  for  Sic/Ti- 
MMCs/  in  International  conference  “Novel 
processes  and  materials  in  powder  metallurgy”  - 
Kiev.-1997.-P.254. 

4.  Emanuel  N.M.  and  Knore  D.H.  Chemical  kinetic. 
High  school,  19®,  432  p.  (in  Russian). 


212 


SECTION  C. 

ADVANCED  TECHNOLOGIES  FOR  PRODUCTION  AND  JOINING  MATERIALS  AND  PRODUCTS  FOR  OPERATION 

IN  HAZARD  CONDITIONS _ =___======== 


THE  RECEPTION  OF  WEAR-RESISTANT  STEEL  COMPOSITES  AT  THE 
EXPENSE  OF  CARBIDE  PHASES  FORMATION  FROM  MATRIX 

PCEUDO-ALLOY 

Baglvuk  G.A.,  Pozniak  L.A.,  Gumeniuk  S.V. 

Institute  for  Problems  of  Materials  Science  NAS  of  Ukraine,  Kiev,  Ukraine 


The  application  of  a  new  class  of  too 
materials  -  carbide  steels  allows  both  to  increase 
wear  resistance  of  cutting,  forming  and  other  tool 
and  constructional  parts  that  are  working  in 
conditions  of  friction,  and  to  save  expensive 
alloying  elements. 

At  the  same  time,  traditional  technology  of 
carbide  steels  reception  by  liqid  phase  sintering  of 
a  mix  of  titanium  carbide  and  steel  powders  is 
characterized  by  presence  of  such  problems,  as 
unsatisfactory  wetting  of  titanium  carbide  particles 
by  alloys  of  iron  owing  to  presence  of  oxygen 
films  on  a  surface  of  TiC  grains  and  th 
phenomenon  of  active  growth  of  a  carbide  phase 
grains  during  liqid  phase  sintering . 

Developed  in  IPM  technology  largel 
eliminates  the  specified  problems  at  the  expense  of 
use  as  initial  materials  powders  of  titanium  and 
graphite  instead  of  titanium  carbide.  Sintering  of 
the  samples,  pressed  from  such  mixes  at  1180- 
1200°  C  is  accompanied  by  occurrence  in  Fe-Ti 
system  low  temperature  eutectic  with  subsequent 
its  interaction  with  particles  of  graphite  and 
formation  titanium  carbide  grains. 

The  research  of  sintered  material  structure  has 
shown,  that  the  optimum  contents  of  carbon  in 
initial  mix  may  be  estimated  according  t 
reception  of  titanium  carbide,  appropriate  to 
meaning  TiC0  8,  that  provides  the  reception  of  free 
carbon  minimal  contents  in  a  sintered  pceudo- 
alloy. 

The  further  application  of  hot  deformation  of 
sintered  porous  preforms  (extrusion,  forging) 
allows  to  achieve  high  relative  density  of  carbide 
steel  with  fine  structure  of  a  material  owing  to  use 
lower  sintering  temperature  in  comparison  with 
common  liqid  phase  sintering.  At  the  same  time, 
the  formation  of  TiC  from  a  matrix  alloy  provides 
durable  adhesive  connection  of  a  steel  matrix  with 
TiC  particles . 

The  annealing  of  forged  preforms  with  TiC 
contents  up  to  20  %  (weight)  gives  an 
opportunity  of  realization  of  material  machining 
by  a  hard  alloy  tools,  and  optimum  modes  of  heat 
treatment  (hardening  and  tempering)  chosen 
according  to  chemical  structure  of  steel  and  TiC 


contents  ,  allows  to  achieve  hardness  of  material 
up  to  85-88  HRA. 
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STUDY  OF  DENSITY  AND  STRUCTURE  OF  Mo-(30-70)%TiC 
COMPOSITES  PRODUCED  BY  SINTERING  AND  HIGH-ENERGY 

PRESSING 

Laptev  A.V. 
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Refractory  metals  of  VA  and  VIA  groups  of  the 
Periodical  System  of  the  Elements  as  well  as 
composites  based  thereon  are  the  most  potential 
materials  to  be  used  under  extreme  conditions. 
Among  the  above  refractory  metals  of  said  groups, 
molybdenum  is  of  interest  because  its  melting 
temperature  is  among  the  highest  ones,  i.e.  2890  K 
[1]  and  it  is  not  among  the  very  scarce  materials. 
The  capability  of  refractory  metals  to  withstand 
extreme  impacts  is  a  positive  feature  in  operation, 
however,  this  feature  makes  the  production 
process  of  semi-products  of  tungsten  or 
molybdenum  more  complicated  and  energy 
consuming.  Besides,  conventional  methods  of 
making  items  are  unable  to  tailor  an  ultrafine¬ 
grained  structure,  furthermore,  restrict  possibilities 
of  preparing  dispersion-strengthened  materials 
containing  a  high  volume  of  ultrafine 
strengthening  particles.  Said  shortages  can  be 
avoided  through  the  use  of  advanced  powder 
metallurgy  techniques.  One  of  these  is  high-energy 
hot  pressing  under  vacuum,  which  provides 
pressing  for  heated  powder  bodies  under  high 
pressures  of  up  to  1500  MPa  with  a  relatively  high 
strain  degree  and  strain  rate.  Some  success  in  this 
method  application  was  yet  attained  when 
compacting  of  submicron-size  powder  of 
molybdenum  [2].  In  particular,  it  was  shown  that 
specimens  with  insignificant  porosity  can  be 
prepared  at  a  low  temperature,  however,  a  high 
tendency  of  wrought  molybdenum  to 
recrystallization  allows  no  possibility  for  retention 
of  the  fine-grained  structure.  One  of  efficient 
method  of  inhibiting  of  the  recrystallization  up  to 
0.5-0.9  Tmelt,  and  also  increasing  of  the  material 
heat  resistance  is  the  reinforcing  it  with  refractory 
fine-grained  particles  [3],  Titanium  carbide  was 
chosen  as  reinforcing  phase  for  this  study  as  in  the 
Mo-TiC  system,  an  enhanced  mutual  solubility  of 
elements  can  be  observed.  This  must  contribute  an 
improved  shrinkage  of  composite  during  sintering, 
and  formation  of  a  more  strong  interphase 
boundary.  Three  compositions  were  taken  to  study 
the  compacting  process,  each  having  volume 
content  of  titanium  carbide  of  30,  50  and  70  %, 


respectively.  The  composite  with  lower  TiC 
content  had  composition  nearing  that  of  Mo-Ti-C 
(28.7  vol.%  TiC)  eutectic  alloy  and  belonged  to 
the  class  of  dispersion-strengthened  materials, 
while  the  composite  with  higher  content  of  carbide 
particles  corresponded  to  the  class  of  hard  alloys. 
Powder  mixtures  of  said  composites  were  prepared 
by  grinding  of  Mo  and  TiC  commercial  powders  in 
a  ball  drum.  The  grinding  was  in  acetone  for  72 
hours  with  9:1  ratio  of  ball  to  powder  mass.  The 
grinding  yielded  fine-grained  powder  mixtures. 
The  average  particle  size  as  measured  by  the 
mercury  porometiy  method  was  0.3-0.5  pm.  The 
prepared  mixtures  were  used  to  produce  green 
briquettes  at  room  temperature  and  the  100  MPa 
pressure  without  use  of  any  plasticizer.  The  green 
briquettes  had  initial  density  of  55  %,  40  %,  and 
45  %,  respectively  for  composites  with  30,  50,  and 
70  vol.%  of  TiC.  The  briquettes  were  compacted  at 
1300,  1500  and  1700  °C  by  two  methods  of 
sintering  and  high-energy  pressing.  Isothermal 
holding  duration  of  the  sintering  and  before 
pressing  was  20  min.  The  sintered  and  pressed 
compacts  were  cut  to  produce  rectangular  bars 
useful  for  measuring  of  the  structure  density  and 
properties.  The  measured  densities  of  composites 
under  study  are  shown  in  Fig.  1.  The  composite 


Fig.l.  The  density  of  Mo-(30-70)%  TiC 
composites  versus  densification  temperature  in 
sintering  and  high-energy  pressing 


214 


SECTION  C. 

ADVANCED  TECHNOLOGIES  FOR  PRODUCTION  AND  JOINING  MATERIALS  AND  PRODUCTS  FOR  OPERATION 

IN  HAZARD  CONDITIONS  


compacting  behavior  is  dependent  both  on  the 
content  of  titanium  carbide  and  compacting 
method.  At  low  temperature,  the  greater  tendency 
for  shrinkage  at  sintering  was  exhibited  by  the  Mo- 
70%TiC  composite,  the  density  of  which  reaches 
the  value  of  96  %  at  1300  °C.  The  Mo-50%TiC 
composite  is  also  prone  to  prompt  compacting  as, 
at  T=1300  °C,  its  density  is  «95  %.  The  most 
hardly  compactable  are  specimens  of  the  Mo- 
30%TiC  composite.  The  latter  have  the  66  % 
density  at  the  above  temperature,  however,  their 
initial  density  was  55  %.  The  temperature  rise  up 
to  1700  °C  yields  practically  poroless  composites 
with  50  or  70  %  of  titanium  carbide,  whereas  the 
composite  with  30  %  of  TiC  has  porosity  of  about 
5  %  .  In  contrast  with  the  above  art,  another 
situation  is  with  the  high-energy  pressing.  High 
pressure  applied  to  sintered  specimens  provides  a 
noticeable  increase  of  the  density  only  on  a  low 
carbide  composite.  High  content  of  carbide  phase 
(>50  %)  in  the  Mo-TiC  system  reduces  the 
efficiency  of  press  treatment.  Further  more,  the 
Mo-70%  TiC  composite  produced  by  pressing  at 
1700  °C  exhibited  reduction  of  the  density  in 
comparison  with  that  of  sintered  specimens.  This 
indicates  that  composites  containing  very  high 
volume  of  carbide  phase  are  rather  brittle  even  at 
1700  °C  and  the  applied  pressure  causes  macro- 
and  microfractures. 

The  strength  characteristics  of  resultant 
specimens  were  tested  at  room  temperature  by 
three-point  bending.  It  should  be  noted  that 
specimens  fracture  without  a  noticeable  plastic 
deformation  in  all  cases.  An  increase  of  green 
compact  consolidation  temperature  caused 
increased  bending  strength.  Maximum  values  of 
transverse  rupture  strength,  Ob=1000-1200  MPa, 
achieved  on  the  Mo-30%  TiC  composite  produced 
by  high-energy  pressing  at  T=1700  °C.  The 
sintered  specimens  of  this  composites  have  the  300 
MPa  bending  strength  due  to  residual  porosity  (ref. 
above).  Increased  volume  content  of  the  carbon 
phase  deteriorates  the  specimen  strength 
characteristics.  The  strength  of  Mo-50%  TiC  and 
Mo-70%  TiC  composites  is  at  the  600-500  MPa 
level,  further  more,  in  high  TiC  composites,  the 
strength  is  reached  rather  through  sintering  than 
pressing. 

The  fracture  surface  of  Mo-(30-70)  TiC 
composites  was  examined  by  scanning  electron 
microscopy  in  dependence  on  the  temperature  of 
pressing  and  shown  in  Fig.  2.  As  can  be  concluded 
from  the  photos  of  structures:  i)  the  structure  is 


a  b 

Fig.2.  The  fracture  surfaces  of  Mo-30TiC  (I),  Mo- 
50TiC  (II)  and  Mo-70TiC  (III)  specimens  obtained 
by  pressing  at  1300  °C  (a)  and  1700  °C  (b). 

coarsening  with  consolidation  temperature,  and  ii) 
particles  in  high  TiC  composites  are  growing  more 
intensively.  Thus,  as  a  preliminary  estimation  of 
particle  sizes  shows,  a  rise  of  temperature  of 
sintering  for  the  Mo-70%  TiC  composite  from 
1300  °C  to  1700  °C  causes  particle  to  grow  by  4  to 
6  times,  i.e.  from  0.3-0.5  pm  to  2.0-3. 0  pm.  In  the 
Mo-30%  TiC  composite,  there  is  no  visible 
particle  growth  up  to  the  sintering  temperature  of 
1500  °C,  while  at  1700  °C,  the  particles  have  sizes 
of  around  1.0  micron.  A  distinguishing  feature  of 
the  composite  under  study  comparing  with  other 
two-phase  materials  such  as  WC-Co  hard  alloys 
implies  that  the  dissolution  of  metallic  phase  in 
carbide  phase  prevails  the  reverse  dissolution.  This 
phenomenon  is  discussed  in  the  report  to  highlight 
the  mechanism  of  particle  growth  of  composite  of 
the  Mo-TiC  system  and  to  compare  this 
mechanism  with  that  of  WC  particle  growth  in 
cobalt. 
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Ceramic  to  metal  joining  is  important 
technical  problem,  the  brazing  by  metal  filler  is 
one  of  the  most  extensively  used  method  of  its 
solving. 

In  this  work  the  processes  of  formation  of 
such  joints  and  its  properties  are  considered. 

The  ceramic  based  on  Zr02  partially  stabilized 
by  3%  Y2O3,  bend  strength  near  400  MPa  and 
thermal  expansion  coefficient  (TEC)  -9x10^  K'1, 
and  Si3N4  hot  pressed  ceramic  with  bend  strength 
~700  -  800  MPa  and  thermal  expansion  coefficient 
~2.5xl0“6  K"1  were  studied. 

To  elaborate  the  brazing  technology  two 
problems  have  to  be  solved: 

1 )  high  wetting  of  the  ceramic  by  melt  filler; 

2)  decreasing  or  removing  of  stresses  arising 
due  to  difference  of  the  thermal  expansion 
between  ceramic  and  metal  in  the  joint. 

To  provide  the  necessary  wettability  high 
chemical  active  additions  of  titanium  or  zirconium 
in  based  on  copper  or  silver  brazing  fillers  were 
used.  The  number  of  brazing  fillers  compositions 
based  on  the  copper  and  its  alloys  ensured  low 
enough  values  of  contact  angles  were  elaborated 
[1,2]. 

The  data  for  some  composition  are 
represented  in  table  1. 


Table  1.  Contact  angles  (degrees)  for 
wetting  of  ceramic  by  brazing  fillers  at  1150  °C 
in  vacuum 


\niler 

Ceramfe*^ 

Cu-Ga 

Cu- 

Ga-Ti 

Cu- 

Ga-Zr 

Cu- 

Sn-Ti 

Cu-Sn- 

Pb-Ti 

_ ZrOj _ 

130 

60 

40 

- 

— 

S11N4 

135 

15 

- 

15 

^<10 

Cu-Ga-Ti,  Cu-Ga-Zr  and  Cu-Sn-Pb-Ti  melts 
were  used  for  brazing  of  ceramics. 

For  Zr02  ceramic  after  the  addition  of 
titanium  or  zirconium  to  the  Cu-Ga  melt  contact 
angles  still  were  not  low  enough  (60°  and  40° 
respectively).  So  the  additional  covering  of  the 
ceramic  by  the  layer  of  titanium  powder  was  used, 
the  full  spreading  of  brazing  melt  was  realized  on 
it.  Si3N4-ceramic  was  brazed  by  Cu-Sn-Pb-Ti  filler. 


The  problem  of  thermal  stresses  lowering  was 
solved  by  different  ways  for  every  sort  of 
ceramics. 

For  joining  to  Zr02-ceramic  the  forgeable  cost 
iron  was  selected  because  its  TEC  is  close  to  that 
for  ceramic  (10x1  O'6  K1). 

Taking  into  consideration  possibilities  of 
wetting  by  the  Cu-Ga-Ti  and  Cu-Ga-Zr  filler  of  the 
Zr02,  for  it  brazing  the  method  of  impregnation  of 
titanium  powder  layer  by  melting  filler  was 
applied. 

The  brazing  procedure  was  carried  out  in  high 
vacuum  at  1 150  °C. 

The  Si3N4-ceramic  has  especially  low  value  of 
TEC,  and  it  is  difficult  to  choose  the  metal  with 
such  low  TEC  in  wide  temperature  range. 

The  lowering  of  thermal  stresses  may  be 
achieved  by  a  few  ways:  using  of  the  ductile  laying 
between  joined  materials,  application  of  the  metal 
laying  with  low  TEC  values  (Mo,  W),  use  of 
interlayer  with  high  deformation,  fabricated  for 
example  in  spiral  shape.  The  volume  changes  due 
to  phase  transformations  of  one  of  the  joined 
material  also  may  be  used. 

Japanese  researchers  [3]  have  used  steel  with 
composition  (Fe,  Cr3,  Ni3,  Mo0.5,  Mn0.4,  CO .3) 
for  brazing  of  Si3N4-ceramic  and  have  obtained  the 
joint  strength  -250  MPa  when  the  Ag-Cu-Ti  filler 
was  used.  The  strength  characteristics  was 
measured  on  single  samples  by  shear  method. 

In  this  work  Si3N4-ceramic  to  metal  joints 
were  obtained: 

a)  with  elastic  copper  layering 

b)  with  application  of  steel  analogous  to  [3] 
as  the  metal  part  of  joint.  The  aim  was  to  study  in 
detail  the  bend  strength  characteristics  of  joints  use 
statistic  analyze. 

The  Cu-Sn-Pb-Ti  without  any  noble  metals 
filler  was  used  in  both  variants  (“a”  and  “b”).  The 
Invar  was  used  as  the  metal  part  of  joint  for  “a” 
variant  (TEC  ~13xl  0'6  K1). 

The  brazing  procedure  was  carried  out  in  high 
vacuum  at  950  °C. 

The  shear  strength  of  obtained  Zr02-ceramic 
to  cost  iron  joints  was  tested  on  special  device.  The 
average  strength  of  joint  was  about  250  MPa, 
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maximal  —  330  MPa,  minimal  200  MPa.  The 
statistic  processing  of  obtained  results  use  the 
Weibull  theory  was  carried  out.  The  Weibull  plot 
for  this  joints  is  represented  on  Fig.  1,  Weibull 
coefficient  m  =  6.5 . 

The  samples  of  joints  by  the  capillary 
impregnation  of  the  copper-gallium  melt  through 
the  zirconium  powder  layer  were  also  fabricated. 
The  average  strength  of  joint  was  about  260  MPa, 
maximal  —  292  MPa,  minimal  —  220  MPa.  The 
Weibull  plot  for  this  joints  is  represented  on  Fig.  2, 
Weibull  coefficient  m  =  1 1 .3. 

The  bend  strength  of  Si3N4-ceramic  /  copper  / 
Invar  joints  was  about  110  MPa  (the  copper 
layering  width  was  1  mm),  failure  occurred 
through  the  ceramic.  The  results  are  represented  in 
Table  2. 


Table  2.  The  band  strength  of  Si3N4- 
ceramic  /  copper  /  invar  joints  _ _ 


As  of 
sample 

*  » — 

1 

2 

3 

4 

5 

average 

strength 

strength, 

MPa 

100 

110 

108 

105 

104 

105 

The  bend  strength  of  Si3N4-ceramic  /  special 
steel  joints  was  studied  in  detail  use  the  Weibull 
statistic.  Results  are  represented  as  the  plots  on 
Fig.  3.  The  failure  occurred  through  the  ceramic 
near  the  interface.  The  average  strength  of  the  joint 
is  about  220  MPa,  maximal  —  242  MPa. 

The  investigation  of  the  special  steel  thermal 
expansion  shows  such  peculiarity:  in  300  -  400  °C 
range  the  sample  size  increase  is  observed.  It  take 
place  due  to  martensitic  transformation,  so  the 
common  TEC  of  steel  from  900  °C  to  room 
temperature  is  ~8  -  10x1  O'6  K'1. 

When  analyzing  of  obtained  results 

conclusion  was  done  that  thermal  expansion 

coefficients  difference  of  joined  materials 

significantly  influence  ceramics  /  steel  joint 

strength.  Also  one  can  marc,  that  the  martensitic 
transformation  in  the  steel  leads  to  volume  change 
and  lower  TEC  in  low  temperature  region 
(martensitic  transformation  region  (start  at  350- 
400°C))  is  especially  favorable,  because  the 
ductility  of  materials  (metal  base,  filler)  is  low,  and 
high  TEC  in  this  temperature  region  will  lead  to 
large  stresses  in  the  joint. 
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Figure  1.  The  Weibull  plot  for  shear  strength  of 
ZrOj-ceramic  to  forgeable  cost  iron  joints, 
brazed  by  capillary  infiltration  of  Cu-Ga 
through  the  Ti  powder. 


Figure  2.  The  Weibull  plot  for  shear  strength  of 
ZrCh-ceramic  to  forgeable  cost  iron  joints, 
brazed  by  capillary  infiltration  of  Cu-Ga 
through  the  Zr  powder. 
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Figure  3.  The  Weibull  plot  for  bend  strength  of 
Si3N4-ceramic  to  special  steel  joints. 
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Si3N4-SiC-AlN  and  SiC-AIN  BASED  COMPOSITE  MATERIALS  at 
EXTREMAL  SOLAR  ENERGY  AFFECT 
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Institute  for  Problems  of  Material  Science,  National  Academy  of  Science,  Ukraine,  Kiev. 


Composite  ceramic  materials  based  on 
SbN^SiC-AlN  and  SiC-AIN  systems  have  high 
level  of  physic-mechanical  properties  and  rather 
high  oxidation  resistance. 

The  investigation  of  influence  of  solar 
radiation  at  Si3N4-SiC-AlN  and  SiC-AIN  system 
composite  materials  is  the  aim  of  this  work.  Using 
of  solar  heating  is  unique  possibility  for 
investigating  of  such  influence  on  material  due  to 
the  possibility  of  achievement  of  high  temperatures 
(3000°C)  in  the  air,  one  side  and  easy  regulated 
non  inertial  heating.  Surface  heating  of  ceramic 
composites  at  solar  energy  affect  in  the  air  allows  to 
determine  high  temperature  corrosion  resistance  of 
the  material  and  possibility  of  making  up  the  new 
surface  structural  formations.  It  makes  possible  to 
obtain  gradient  materials  with  new  complex  of 
properties.  Experiments  were  carried  out  by  using 
solar  furnaces  of  Institute  for  Problems  of  Material 
Science,  Ukraine  with  concentrators  of  4-8  mm. 
Different  regimes  of  heating  were  used  with  both 
different  angle  of  opening  of  curtain  and  time  of 
acting  at  full  opened  curtain.  The  heating 
temperature  and  heating  stream  were  measured  at 
heating  zone. 

The  investigated  specimens  were  obtained 
by  hot  pressure  method  at  temperature  range  1 750- 
1800°C  and  pressure  35  MPa  from  SiC-AIN  and 
SbN^SiC-AlN  composite  powders.  The  composite 
powders  were  obtained  by  original  technology  of 
simultaneous  formation  of  Si3N4,  AIN  and  SiC 
phase  at  carbothermal  reduction  of  corresponding 
oxides  in  nitrogen  flow.  This  method  allows  to 
obtain  powders  of  high  purity,  given  composition 
and  ratio. 

The  rayed  specimens  were  investigated  by 
TG,  DTA,  XRD,  EPMA  and  matellographic 
analyses  methods. 

It  has  been  established  by  TG  and  DTA 
methods  for  AlN-SiC  ceramics  that  both  80%A1N- 
20%SiC  and  50%AlN-50%SiC  composition  have 
extremely  high  corrosion  resistance  in  air  (fig.  1). 
At  short  times  of  exposure  in  air  and  at 


comparatively  low  temperatures,  P-cristoba!ite  and 
aluminum  oxynitride  proved  to  be  the  main 
oxidation  products  while  at  longer  oxidation  and 
higher  temperatures  (1350-1550°C),  3Al203-2Si02 
(mullite)  is  the  main  interaction  product. 

The  dense  scale  formed  on  80%A1N- 
20%SiC  ceramic  is  characterized  by  heterogeneous 
structure  according  to  XRD  and  EPMA  analyses 
data  identification  of  Al,  Si  and  O  corresponds  to 
3Al203-2Si02  and  P-Si02  phases  (fig.  2). 

The  comparative  analyze  of  experimental 
date  showed  that  practically  all  materials  Si3N4-SiC- 
A1N  and  SiC-AIN  systems  at  affect  of  solar 
radiation  stream  of  1500-1700°C  Vt/sm2  (2500°C) 
have  high  oxidation  resistance.  Formed  thin  oxygen 
film  has  high  adhesion  to  the  surface  of  Si3N4-SiC- 
A1N  and  SiC-AIN  composites. 

It  is  known  that  at  oxidation  in  the  air  up  to 
1500°C  of  SiC-AIN  system  materials  form  mullite 
of  3Al203.2Si02  composition  on  their  surface  and 
plentiful  oxygen,  very  often,  in  amorphous  state, 
arranges  on  the  outward  surface.  At  the  oxidation 
up  to  1800°C  at  solar  radiation  stream  affect  the 
surface  layer  is  removed  and  partial  melting  of 
oxygen  film  is  observed. 

Composite  ceramics  based  on  Si3N4-SiC- 
AIN  system  form  more  dense  oxygen  films  which 
serve  as  distinctive  barrier  for  oxygen  diffusion 
inside  specimen. 


Fig.  1.  Non-isothermal  oxidation  of  AlN-SiC 
ceramics  samples:  1  -  80%AlN-20%SiC- 

2  -  50%AlN-50%SiC. 
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The  intensive  examinations,  directional  on 
reception  of  volumetric  superconducting  ceramic 
products  and  superconducting  films,  require 
considerable  quantity  single-phase  HTS  -  high- 
temperature  superconducting  powder  [1].  The 
greatest  attention  from  all  class  HTS  of  materials  is 
yttrium  ceramics  (compound  YBa2Cu3078)  {2,31. 

The  properties  of  any  products  fabricated  by 
powder  metallurgical  techniques  always  depend  on 
a  method  of  reception  of  powders.  To  products 
from  a  HTS  material  many  requirements  are 
showed.  The  products  should  be  made  of  a  single¬ 
phase  material.  This  most  important  requirement. 
After  synthesis  the  mix  should  consist  of  100  % 
HTS  phases  YBaiCujOjj,  and  die  ratio  of 
components  should  be  Y:Ba:Cn=  1:2:3. 

The  purpose  of  the  present  research  was  the 
examination  of  an  opportunity  of  reception  single¬ 
phase  HTS  of  yttrium  powder  at  use  of  different 
methods  of  opening-up  of  mix  material  and 
operations 

The  yttrium  powders  of  HTS  ceramics 
synthesized  with  use  of  three  basic  methods: 
ceramic,  chemical,  explosive  squeezing.  The 
superconducting  targets  for  a  pulse-laser  deposition 
HTS  epitaxial  YBa2Cu307.8  films  were  fabricated 
of  the  received  powders. 

Element  charge  makeup  explored  in  chemical- 
analytical  and  spectral  laboratories  IPM  NAS  of 
Ukraine.  A  phase  composition  of  yields  of 
synthesis  of  compound  YBa2Cu307^  determined  by 
an  X  -  ray  method. 

Powder  of  HTS  yttrium  ceramics  received  by  a 
ceramic  method. 

After  careful  intermixing  of  initial  components 
taken  in  required  quantity  (a)  -  oxides  Y203,  BaO. 
CuO;  6)  -  oxides  Y:0„  CuO  and  salt  BaCO,;  b)  - 
oxides  Y203,  BaO  and  powder  Cu)  and  repeated 
sifting,  carried  out  preliminary  synthesis  of  a 
charge  in  an  interval  of  temperatures  150  -  200  °C 
or  400  °C  during  4  -  16  h.  Further  annealing  of  mix 
material  carried  out  at  temperatures  400  -  >  800  °C 
during  4  -  24  h  depending  on  temperature  of 
annealing.  Through  everyone  4  h  of  an^iin» 
synthesized  mix  material  repeatedly  intermixed 
and  sifted  through  a  bolter.  Thus,  series  of 
intermediate  annealings  and  immixtures  have 
allowed  to  receive  a  homogeneous  powder  with  a 


high  yield  ratio  85-100  %  basic  HTS  phase 
YBa2Cu30™.  The  analysis  of  results  of 
examination  has  shown,  that  for  synthesis  of  a 
powder  of  a  single-phase  composition  it  is 
necessary  to  carry'  out  treatment  of  initial  mix 
material  as  a  minimum  in  two  stages.  The  first 
stage  is  necessary  low-tcmpcraturc  -  400  °C  and 
second  -  high-temperature  >800  °C.  Such  mode  of 
heat  treatment  can  be  given  at  use  as  initial 
components  of  yttrium,  banum  and  cuprum  oxides. 
The  introduction  barium  in  a  mix  material  as  salt 
BaC03  results  in  necessity  of  realization  of  an 
intermediate  annealing  at  T  -  600  °C.  However 
even  at  realization  of  an  intermediate  annealing  at 
temperature  600  °C  collateral  phases  remain  The 
increase  of  temperature  >  830  °C  results  in 
sintering  a  powder  in  a  conglomerate.  Is  shown, 
that  the  process  of  a  solid-phase  sintering  is  labour¬ 
consuming.  The  infringement  of  operations  gives 
in  deterioration  of  reproducibility  of  experiment. 

The  yttrium  powders  of  HTS  ceramics  received 
by  a  chemical  method. 

Taking  into  account  chemical  features  of  yttrium, 
the  cuprum  and  banum,  as  initial  builders  used 
nitrates  of  yttrium  Y(NG,)3,  cuprum  Cu(N03)2  and 
hydroxyd  of  barium  Ba(OH)2,  as  cleaner  and 
accessible  compounds  [4],  At  reception  of  HTS 
powder  YBa2Cu307-£  by  coprecipitation  from  a 
solution  the  important  role  is  played  by  the  used 
precipitating  agent,  as  it  should  ensure  dropout  of 
nonsoluble  precipitates,  i.e.  the  deposition  should 
be  complete.  Picking  the  precipitating  agent, 
regarded  its  nature,  pH  of  a  solution,  relative 
miscibility  of  a  precipitate  in  medium,  temperature, 
concentration  reagents.  The  coproducts,  generated 
as  a  result  of  response,  of  interaction  should  well 
be  washed,  and  the  stayed  microimpurities  should 
not  worsen  properties  HTS  of  materials.  Therefore 
as  the  precipitating  agent  the  solutions  hydroxyds 
of  barium  Ba(OH)z  and  kalium  KOH  were  used. 
They  provided  a  joint  deposition  of  yttrium  and 
cuprum  as  hydroxyds  Y(OH)3  and  Cu(OH>2  .  The 
optimum  value  pH  for  a  complete  deposition  of 
cuprum  as  Cu  (OH^,  is  equal  10,  for  a  deposition 
of  yttrium  as  YfOHjj  it  is  equal  7.  After  a 
deposition  of  yttrium  and  cuprum  in  received 
washed  from  intermediate  yields  of  response  a 
precipitate,  inlet  stoichiometric  ratio  of  miscible 
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linking  of  barium  as  a  water  solution  Ba(OH)2  [4]. 
The  received  intermixture  have  steamed  up  to  a 
thickening,  dried  up  to  a  stationary  value  of  mass, 
carried  out  the  relevant  heat  treatment. 

At  use  of  the  precipitating  agent  Ba(OH)2  and 
at  all  temperature  oTHcnrax  the  secondary  phases 
and  microimpurities  are  always  observed.  The 
measurings  of  relative  electroresistance  R  (T)  have 
shown,  that  the  microimpurities  partially  change  a 
type  of  conductance  with  metal  on  semiconductor. 
Therefore  use  as  die  precipitating  agent  Ba(OH)2 
requires  the  relevant  completion.  The  received 
intermixture  have  steamed  up  to  a  thickening, 
torrefied  up  to  a  stationary  value  of  mass,  carried 
out  the  relevant  heat  treatment. 

At  use  of  the  precipitating  agent  BafOHh  and 
at  all  temperature  oranrax  the  secondary  phases 
and  microimpurities  are  always  observed.  The 
measurings  of  relative  electroresistance  R  (T)  have 
shown,  that  the  microimpuritics  partially  change  a 
type  of  conductance  with  metal  on 
semiconductor.Therefore  use  as  the  precipitating 
agent  Ba(OH)2  requires  the  relevant  completion, 
The  precipitating  agent  KOH  provides  reception 
single-phase  of  HTS  powder  at  heat  treatment  in 
an  interval  of  temperatures  T  -  700  -  920  °C 
during  t  =  6  h. 

The  yttrium  powders  of  HTS  ceramics  received 
by  a  method  of  explosive  squeezing. 

The  initial  burden  constituents  immixed  in  the 
ratio,  ensuring  ambassador  of  heat  treatment 
formation  of  a  superconducting  phase  YBajCusO*. 
s,  added  condensed  explosive  substance  (relation 
explosive  substance  and  mix  material  -  6  :  1  or  3  : 
2),  molded  charges  by  a  diameter  of  60  mm  of 
blanket  mass  of  1,2  kg  and  blew  up  them  in  the 
strong  metal  chamber  in  medium  of  a  coolant 
(water).  After  explosion  the  powders  have 
separated  in  dewatering  tanks  and  on  a  centrifugal 
machine,  dried  up  in  air  medium  at  temperature 
350  °C  during  0,45  -  1  h. 

Optimum  and  restrictive  concentration  of  a 
charge  in  explosive  substance  determined 
experimentally:  bottom  -  15  %,  top  -  40  %.  The 
best  conditions  at  explosive  squeezing  were 
pressures  11  *  12,5  GPa  and  temperature  in  an 
interval  3000  -  3300  °C.Is  established,  that  during 
explosive  compression  of  an  initial  powder  mix  the 
superconductive  phase  "«123”  is  not  formed. 

Therefore  received  powder  have  annealing  on  a 
many-stage  mode:  I  a  stage  -  T-  920  -  950  °C,  t-  6 
h,  II  a  stage  -  T  -  350  °C,  t- 10  h. 

At  a  shock  compression  of  a  pow'der  the  degree 
of  bucking  of  particles  raises,  there  is  a 


unsoundness  of  structure,  the  new  not 
superconducting  phases  are  formed.  After  heat 
treatment  and  saturation  by  oxygen  these  phases 
transfer  in  compound  YBa2Cu307  8 

The  targets  for  a  deposition  of  films  were  made 
of  HTS  yttrium  powders,  which  were  received  by 
all  by  three  methods.  Temperature  of 
superconductive  transition  -  Tc  and  width  of 
superconductive  transition  -  ATC  were  measured.  In 
the  present  research  is  shown,  that  the  selection 
relevant  of  initial  components  and  realization  of 
necessary  operations  allows  to  use  all  methods  for 
reception  single-phase  of  HTS  yttrium  powder, 
and,  hence,  of  products  from  them  with  the 
following  superconducting  parameters:  Tc  =  92  - 
98  K,  ATC  =  3  -  7  K.  The  researches  of  a  kinetics  of 
formation  of  phases  have  allowed  to  determine 
optimum  conditions  of  heat  treatment  necessary  for 
reception  single-phase  HTS  of  a  powder  with  a 
phase  YBa2Cu?07.g  (a  phase  H«123"). 
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In  modem  radio  engineering,  electronics  and 
other  areas  of  engineering  brazed  [1]  and  welded 
[2]  metal/glass  and  ceramics/metal  units  are  used 
for  a  long  time  and  successfully.  Glass  ceramics 
materials  find  still  greater  application  in  laser 
devices  and  apparatus.  Optical  glass  ceramics  SO- 
115  M  has  the  high  optical  and  physic-mechanical 
characteristics,  in  particular,  very  low  thermal 
expansion  coefficient  which  remain  stable  in 
extreme  conditions  (repeated  thermal  cycling,  sharp 
thermal  shock,  microwaves  radiation  etc.).  It  allows 
to  widely  use  this  material  in  the  laser  industry, 
frequently  as  single-piece  brazed  [3,  4]  or  welded 
joints  with  metals,  in  particular,  with  aluminium 
details.  Severe  requirements  are  imposed  on  glass 
ceramics/aluminium  units  prospective  to 
application  in  new  more  perfect  designs  laser 
apparatus,  in  particular,  high  vacuum  tightness  of 
units  (leakage  not  more  6,5xl0'12  Pa-  m3/s)  and 
very  low  level  of  mechanical  residual  stresses  in 
glass  ceramics  detail  which  require  difference  of 
rays  path  in  polariscope  no  more  than  25  tun. 
Besides  this  units  heating  during  joining  process  up 
to  temperatures  higher  then  400  °C  is  not 
permitted  deterioration  of  the  characteristics  of  an 
aluminium  detail  usually  being  the  cathode.  Thus, 
the  application  well-known  technology  of  active 
nonmetals  soldering  with  metals  which  requires 
heating  of  details  being  joined  up  to  600  °C  and 
higher  [5]  is  not  usable  in  this  case.  Procedure  of 
cold  joining  of  nonmetallic  materials  with  metals 
by  pressure  through  indium  gasket  [6]  is  known  but 
it  gives  very  unstable  results  and  does  not  provide 
sufficient  vacuum  tightness  of  unit. 

This  paper  concerned  with  development  of 
manufacture  procedure  of  welded  vacuum-tight 
glass  ceramics/aluminium  unit  of  the  ring-type  laser 
with  a  low  residual  stress  level  in  glass  ceramics 
detail  at  room  temperature.  This  unit  is  the  polished 
monoblock  from  glass  ceramics  SO-115  M 
60x40x40  mm  with  internal  cavity  and  output 
channel  closed  hermetically  from  the  above  by  the 
aluminium  cathode  in  20  mm  diameter  and  20  mm 
height.  As  a  solder  we  used  high-plastic  adhesion- 
active  indium  alloy.  The  developed  process  of  the 


joining  of  aluminium  detail  with  glass  ceramics  one 
consist  of  two  following  stages: 

1  -  separate  preliminary  metallization  of  glass 
ceramics  and  aluminium  details  by  indium  solder; 

2  -  pressure  welding  of  metallized  details  at  room 
temperature. 

Metallization  of  glass  ceramics  details  was  made 
by  indium  solder  in  vacuo  at  600  °C  [4]  and 
aluminium  details  metallization  was  also  by  indium 
with  the  use  of  ultrasonic  soldering  iron  at 
temperature  not  exceeding  200  °C. 

Metallized  indium  layers  on  both  details 
were  subjected  to  mechanical  clearing  and 
processing  to  give  them  the  appropriate  form  and 
then  details  were  collected  in  appropriate 
technological  equipment  which  keep  their  centring 
and  mutual  fixation  and  pressure  welding  process 
was  carried  out  in  vacuo  on  the  special  installation 
UTS-1  [7]  at  temperature  20  °C.  Finished  samples 
of  units  were  tested  on  vacuum  tightness, 
mechanical  strength  and  presence  of  residual 
stresses  in  glass  ceramics  detail.  The  joints  strength 
testing  at  a  separation  and  shear  have  shown  values 
of  their  strength  close  to  indium  strength  especially, 
as  the  destruction  happened  just  on  indium 
interlayer. 

Vacuum  tightness  of  units  was  determined 
with  the  help  of  helium  leakage-finder  STI-l  1  by 
helium  ventilation  of  joint  place  inleakage  speed 
not  exceeding  6,5xl0'12  Pam3/s  was  obtained. 

Residual  stresses  presence  in  unit  was 
determined  by  polariscope-polarimeter  PKS-250 
and  the  maximum  stresses  initiated  difference  of 
rays  path  not  exceeding  25  nm  were  measured. 

Thus  the  tests  results  give  the  basis  to 
recommend  the  developed  manufacturing 
technology  of  vacuum-tight  low-stressed  glass 
ceramics/metal  units  for  using  them  in  production 
of  high-quality  assemblies  of  new  laser 
instrumentation. 
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Producing  silicon  nitride  ceramics  with 
high  maximum  strength  and  fracture  toughness 
values  are  impossible  without  achievement  of  the 
maximum  density  and  creation  of  a  certain 
microstructure.  As  known,  best  strength  and 
plasticity  characteristics  were  demonstrated  by 
Si3N4  ceramics  whose  microstructure  consisted  of 
a  skeleton  of  elongated  grains  and  a  matrix  of 
polyhedral  p-Si3N4  phase  grains.  Such  a  “self¬ 
reinforcement”  bimodal  structure  promotes  an 
increase  of  the  fracture  toughness  through  the 
bridging  crack  mechanism  [1].  It  is  also  known 
that  a  bimodal  structure  is  formed  when  two 
competing  processes  -  densification  and  growth  of 
p-ShNj  phase  grains  -  proceed  at  different  rates 
[2]. 

During  sintering  of  Si3N4  ceramics  with 
ytterbia  and  alumina  additions  under  microwave 
heating  (MWH)  both  the  densification  temperature 
and  the  temperature  of  the  beginning  of  the  a-P- 
phase  transformation  decrease  [3].  Also,  the  end  of 
densification  and  phase  transformation  processes 
under  MWH  occurs  earlier  than  in  samples 
produced  with  a  traditional  heating  (TH), 

The  mechanical  properties  and 
microstructure  formation  processes  in 
Si3N4+3%  Al203+5%  Yb203  ceramic  compacts 
sintered  under  MWH  and  under  TH  were 

investigated. 

The  initial  ceramic  materials  were  powder 
blends  of  silicon  nitride  with  oxides.  The  mean 

powder  particle  sizes  were  0. 5-1.0  pm.  The 

a-phase  content  in  the  Si3N4  powder  was  more 

than  95%.  Samples  sizing  3x5x35  mm  were 
prepared  in  the  same  manner  as  in  [1].  MWH 
sintering  was  carried  out  in  the  30  GHz  gyrotron 
system  for  microwave  processing  of  materials  [4]. 
TH  sintering  was  carried  our  in  a  muffle  furnace. 
The  specimens  were  sintered  at  1800°C  in  a 
nitrogen  atmosphere  at  normal  pressure,  the 
heating  rate  in  all  experiments  was  60°C/min. 
There  were  determined  the  Vickers  hardness  (HV) 
by  standard  procedure  and  fracture  toughness  ( K}C ) 
by  the  microindentation  technique.  The  fracture 
surface  microstructures  of  samples  were  studied  by 
SEM.  The  quantitative  microstructure  analysis  was 
carried  out  by  SI  AMS  computer  analyzer  [5]. 


As  shown  by  tests,  at  close  values  of  the 
relative  density,  the  hardness  of  ceramic  samples 
sintered  under  MWH  were  higher  as  compared 
with  those  of  samples  sintered  TH  (see  Table),  The 
change  in  mechanical  properties  is  undoubtedly 
associated  with  a  change  in  the  evolution  of  the 
microstructure  at  MWH  as  compared  with  that  at 
TH. 


Table  -  Properties  of  Si3N4+3%  AI203+5%  Yb203 
samples  sintered  at  1800°C 


Heating 

method 

Time, 

min 

Porosity 

% 

P-phase 

content, 

% 

HV, 

GPa 

Ktc, 

MPa* 

(m),/2 

MWH 

1 

6.3 

100 

13.4 

8.7 

TH 

60 

6.3 

76 

9.8 

7.2 

MWH 

60 

2,4 

100 

18.2 

9,5 

The  microstructure  of  samples  had  the 
form  of  elongated  grains  in  a  matrix  of  polyhedral 
grains  of  the  p-Si3N4  phase.  Size  distributions  of 
the  following  microstructure  parameters  were 
determined:  the  mean  size  of  grains  regardless  of 
their  form;  length  of  elongated  grains  and  their 
elongation  factor  (the  minimum-to-maximum  size 
ratio)  (see  Figure).  Measurements  showed  the 
mean  size  of  grains  in  samples  produced  under 
MWH  to  be  greater  than  in  samples  produced 
under  TH,  2.3  and  0.8  pm  respectively.  This  was 
due  to  formation  in  the  former  case  of  a  larger 
number  of  elongated  grains,  which  also  were 
longer.  The  mean  length  of  elongated  grains  was  of 
3.7  and  1.3  pm  respectively.  Values  of  the  average 
elongated  factor  of  grains  for  the  two  series  of 
samples  were  close  to  each  other  (0.480  and  0.465 
for  MWH  and  TH  respectively),  but  the 
distribution  curve  for  MWH  sintered  samples  is 
shifted  towards  lower  values,  which  evidences  a 
greater  elongation  of  (3-phase  grains.  It  is  to  be 
taken  into  account  that  the  phase  transformation  at 
1,800  °C  in  the  former  case  occurs  completely  and 
the  content  of  the  P-phase  equals  100%.  In  TH 
sintered  samples  the  content  of  the  p-phase  was  of 
76%,  and  the  residual  porosity,  of  6.3%. 
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Figure.  Length  size  distributions  of  elongated 
grains  (L)  and  distributions  of  their  elongated 
factor  (Fl)  for  the  samples  sintered  under  MWH 
and  TH  at  1800°C  during  60  min. 

In  the  latter  case  a  growth  of  elongated  grains  at 
continuation  of  the  phase  transformation  after  the 
isothermal  hold  of  60  min  is  hardly  possible. 

Thus,  it  can  be  concluded  that  at  the 
sintering  under  MWH  of  Si3N4+3%Al203+ 
5%Yb203  ceramics  the  decrease  of  the  initial  phase 
transformation  temperature  not  only  speeds  up  the 
phase  transformation,  but  also  promotes  growth  of 
elongated  Si3N4  grains  and  formation  of  the 


“reinforcement”  microstructure.  Thereby  the 
hardness  and  fracture  toughness  of  such  ceramics 
increases. 
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The  method  of  synthesis  of  fiillerenes,  well- 
known  since  1990  [1],  i.e.  the  arc  discharge  using 
graphite  electrodes  in  an  inert  gas  atmosphere,  is 
still  the  most  productive  and  widely  applied  in 
the  art.  This  method  is  employed  to  produce 
fullerene-containing  carbon  black  in  the 
discharge.  Fullerenes  are  separated  from  carbon 
black  by  means  solvents  and  filters.  Liquid 
chromatography  is  used  for  separation  of 
fullerenes.  Out  of  the  above  operations,  the  arc 
discharge  one  is  considered  to  be  the  most  power¬ 
consuming  process,  making  up  the  major  part  of 
the  cost  of  a  synthesized  material  and,  therefore, 
the  main  limiting  factor  [2], 

1. Calculations.  Parameter  S,  defined  as  a  ratio  of 
mass  of  synthesized  fullerenes,  M,  to  power  Q 
consumed  for  the  synthesis  process,  may  serve  as 
an  objective  parameter  for  estimation  of  power 
efficiency  of  the  discharge,  i.e 

S=M/Q,  (1) 

where  values  M  and  Q  are  determined  as 
follows:  M  =aes,a*q,t,  (2) 

Q=W't,  (3) 

where:  is  the  coefficient  of  transforma¬ 

tion  of  the  electrode  material  into  the  fuller¬ 
ene-containing  carbon  black  [relative  units  ,<  1]; 
a  is  the  content  of  fullerenes  in  carbon 
black  [relative  units,  <  1];  (4) 

q  is  the  electrode  erosion  [g/sj; 
t  is  the  fiillerene  synthesis  process  duration  [s]; 

W  is  the  arc  discharge  power  [kWJ. 

The  calculations  were  made  using 
equalities  (1-4),  experimental  results  [3]  and  data 
on  different  fiillerene  synthesis  methods  taken 
from  review  [2],  Our  calculations  show  that  the 
highest  value  of  parameter  S  is  achieved  in  the  He 
arc  discharge:  S  ~  0,8  g/KW*h  (5) 

With  such  a  value  of  parameter  S 
fullerenes  synthesized  in  the  arc  would  have  been 
advantageous  as  compared  with  conventional 
materials  in  a  number  of  important  area  [2],  such 
as  pharmaceutics  and  diamonds  synthesis. 
...However,  an  objective  calculation  of  costs  of 
synthesis  considerably  diminishes  optimism. 
Power  losses  for  ballast  resistance  used  to  provide 


stability  of  the  discharge  decrease  the  value  of 
parameter  S  in  1. 5-4.0  times.  These  losses  are 
minimum  if  the  arc  is  powered  from  a  source  with 
a  steeply  drooping  characteristic.  A  welding 
transformer  has  the  most  economic  operation 
among  other  power  sources  with  a  steeply 
drooping  characteristic. 

2.  Description  of  an  experimental 
installation.  2.1.  For  the  investigations  we 
developed  a  source  for  synthesis  of  fullerenes, 
based  on  the  arc  discharge.  Graphite  electrodes  for 
the  discharge  were  made  with  a  geometry  similar 
to  electrodes  for  the  HF-discharge  described  in 
[4],  rod  with  a  diameter  of  6  mm  and  conical 
aperture  in  a  disc  with  a  minimum  diameter  of  5 
mm.  The  possibility  is  provided  for  feeding  the 
rod  type  electrode  as  it  bums  down  . 

The  next  unit  is  a  space  for  drift  and 
collection  of  the  synthesis  product,  attached  to  the 
discharge  chamber.  In  our  source  it  is  a  quartz 
cylinder  50  mm  in  diameter  and  500  mm  long. 
The  cylinder  is  covered  by  a  lid  with  an  orifice.  In 
initial  measurements  the  quartz  cylinder  was 
replaced  by  a  copper  one  1 00  mm  long. 

The  discharge  chamber,  components  to 
which  the  discharge  electrodes  were  secured,  and 
walls  of  the  drift  space  were  cooled  with  water. 
For  this  the  quartz  cylinder  was  fitted  with  a 
system  of  copper  tubes.  Locations  of  attachment 
of  the  components  were  sealed  with  fluoroplastic. 
Seals  protect  cavities  from  ingress  of  the 
atmospheric  air  in  the  case  of  an  excessive 
pressure  in  the  cavity,  as  compared  with  the 
atmospheric  one.  Auxiliary  gas  Ar  and  working 
gas  He  were  fed  to  the  cavity  of  the  source 
through  a  buffer  volume  at  the  location  of  the  rod 
electrode  attachment.  The  gas  supply  lines  were 
equipped  with  pressure  regulators  and  rotameters. 

An  experimentally  selected  orifice  was 
made  in  the  drift  tube  lid  to  ensure  a  controlled 
gas  flow  from  the  point  of  introduction  and  over 
the  entire  volume  of  the  fiillerene  source. 

2.2.  To  power  the  arc,  our  source  uses  a 
commercial  frequency  transformer  with  a 
regulated  dispersion  flow,  i.e.  the  TDM-317  U2 
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stabilizer.  The  stabilizer  comprises  the  a.c.tebttAZARD  COEflRfD&^  of  the  oscillograms  _some_time_after_ 


capacitor  Sid  thynstonzed  switc 
electronic  control  unit  [5,  6],  connected  in  series. 
Connection  of  the  USGM  arc  stabilizer  to  the 
transformer  makes  the  power  source  versatile  and 
equivalent  to  the  rectifier. 

With  such  a  connection  of  the  transformer 
and  USGM,  the  arc  is  initially  ignited  by  a  contact 
method.  Upon  ignition,  at  the  moments  of 
transition  of  the  mains  voltage  through  zero  the 
arc  is  maintained  by  a  voltage  pulse  with  an 
amplitude  of  200-500  V  and  duration  of  10  s, 
formed  by  USGD.  With  the  discharge  ignited,  the 
electrodes  are  drawn  apart  and  installed  at  a 
distance  optimal  for  the  working  conditions. 

3.  Experiment.  3.1.  Prior  to  ignition  of  the 
discharge,  the  atmospheric  air  in  the  fullerene 
source  cavity  was  replaced  by  purging  with  Ar 
and  then,  immediately  before  the  discharge, with 
He.  The  arc  was  reliably  ignited  by  bringing  the 
electrodes  in  contact,  and  was  burning  until  the 
electrodes  were  drawn  apart  to  a  distance  of  3-7 
mm.  The  tests  were  conducted  for  0. 5-5.0  min  at  a 
current  of  60-200  A,  the  He  gas  flow  rate 
amounting  to  20  1/min.  Bright  glow  of  the 
discharge  electrodes  prevented  observation  of  a 
clearly  defined  plasma  jet,  such  as  that  observed 
in  the  HF-discharge  [4]. 

With  the  discharge  ignited,  the  working 
gas  carries  the  products  of  plasma-chemical 
reactions  out  of  the  electrode  materials.  The 
product  is  deposited  on  the  water-cooled  drift 
space  walls.  The  amount  of  the  material  produced 
was  monitored  visually  by  formation  of  a  deposit 
on  the  quartz  cylinder  walls.  Density  and  length  of 
the  deposit  along  the  length  of  the  quartz  cylinder 
increased  with  an  increase  in  the  discharge  current 
and  the  working  gas  flow  rate.  It  was  noted  that  a 
deposit  of  a  small  thickness  might  have  a  different 
color,  i.e.  from  purely  black  to  black  and  brown. 

3.2.  Oscillograms  of  current  and  voltage  of 
the  arc  with  the  graphite  electrodes  are  similar  to 
those  of  the  welding  arcs  using  conventional 
materials:  a  clearly  defined  ignition  peak  at 
a  change  of  polarity  at  the  arc,  rising  to  a  half 
sine  ave  length,  and  then  a  constant  voltage 
(plateau)  for  half  a  period. 


ignition  of  the  graphite  electrode  arc,  as  opposed 
to  the  conventional  arc.  They  are  characterized  by 
a  steep  leading  front  and  a  quiet  tailing  front.  The 
spikes  in  the  oscillograms  correspond  to 
wandering  of  the  cathode  spot  [7]  along  a 
contour  of  the  graphite  electrode.  This  results  in 
elongation  of  the  arc  and,  therefore,  decrease 
and  increase  in  the  arc  voltage  by  a  value  of  the 
spike.  The  high  power  density  at  the  cathode  spot 
(about  107  W/cm2)  and,  accordingly,  the  high 
concentration  of  plasma  in  the  plasma  column 
adjoining  the  spot,  as  well  as  their  chaotic 
wandering  over  the  cone  surface,  are  the 
effective  sources  of  particles  C,  C*  and  C+. 
Formation  and  the  probability  complete 
formation  of  fullerenes  of  them  are  determined 
by  temperature,  concentration  of  carbon  vapor 
and  working  gas  flow  rate . 

After  turning  off  of  the  discharge  the 
discharge  space  and  the  quartz  tube  are  cooled 
down  by  continuous  flows  of  gas  (Ar)  and  water 
through  the  cooling  system. 

4.  Investigation  of  the  synthesized  material. 
Carbon  black  deposited  on  the  walls  of  the  quartz 
cylinder  and  copper  tubes  was  removed 
mechanically  and  immersed  into  benzene.  The 
presence  of  fullerenes  in  this  solvent  showed  up  as 
a  marked  coloring  of  the  solution.  It  is  in  this  way 
that  the  discharge  conditions  necessary  for 
synthesis  of  fullerenes  were  established.  These 
conditions  correspond  to  formation  of  a  brown  tint 
of  a  deposit  on  the  quartz  cylinder  walls. 

The  fullerene-containing  carbon  black  was 
also  treated  in  xilol.  A  solution  produced  in  this 
case  had  a  less  marked  coloring.  And  only  the 
concentrated  solution  acquired  first  a  slightly 
yellow-brown  tint.  Evaporation  of  the  solvent 
resulted  in  crystals  characteristic  of  fullerene 
associates,  that  formed  on  the  surface  [1]. 

To  obtain  the  IR-spectrum,  several 
successively  evaporated  layers  of  the  concentrated 
benzene  solution  of  fullerene  were  deposited  on 
the  KBr-glass.  The  IR-spectrum  differing  from  the 
known  ones  [1,8]  was  obtained  on  our  sample.  It 
is  likely  that  this  is  associated  with  the  presence  of 
a  mixture  of  fullerenes  in  the  sample. 
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The  functional  properties  of  different- 
purpose  articles  predominantly  are  structure 
responsivity.  This  is  concerned  with  properties  of 
the  electric  contacts.  It  is  ascertain  [1]  that 
dispersing  of  original  structure  in  the  contact  work 
layer  for  instance  Cu-Cr  composite  material  (CM) 
under  arc  discharge  effect  establishes  an  elevated 
serviceability  of  these  contacts  [2].  It  is  known  too, 
that  increase  of  dispersivity  of  CM  on  the  Ag-base 
is  the  effective  method  for  attainment  of  required 
physical  and  chemical  properties  these  CM  and 
functional  properties  of  middle  loaded  electrical 
contacts.  Different  processes  of  dispersing  CM 
structure  have  been  used  in  the  production  articles 
by  powder  metallurgy  methods.  In  the  present 
work  is  studied  opportunity  of  using  alternative 
(for  powder  metallurgy)  methods  CM  structure 
dispersing:  plasma-arc  smelting;  electron-beam 
high-velocity  evaporation-condensation,  working 
by  pressure  under  elevated  temperature.  Electric- 
contact  CM  in  the  systems  Cu-Mo,  Cu-Cr,  Ni-Fe- 
W  were  chose  as  objects  for  present  investigation. 
Optical  and  electron  microscopic  examination, 
determination  of  high  temperature  oxidation 
resistance  and  others  were  used  for  confirm  of  CM 
structure  dispersing. 

This  research  allowed  to  studying 
morphological  modifications  of  the  powder  CM 
Cu-Cr  (1:1)  under  plasma-arc  smelting.  It  is 
concerned  with  consolidation  of  initial  Cr- 
particles,  dispersing  new  conglomerates  with 
forming  of  coarse  columnar  or  small  crystals  of  the 
Cr-component  dendrite  and  other  forms,  fig.  1 .  It  is 
concluded  from  the  microscopic  examination,  that 
the  structure  forming  features  is  concerned  with 
possibility  existence  in  the  system  Cu-Cr  for  the 
super-cooling  of  the  liquid  phase.  That  is  why  in 
the  system  Cu-Cr  (as  in  Cu-Fe  and  Cu-Co  [3])  the 
limit  of  immiscibility  (T0)  is  at  the  temperature 
below  Tl  (liquidus  temperature).  It  is  probable, 
that  structure  of  CM  Cu-Cr  exhibits  an  anomalous 
behavior  if  liquid  alloy  breaks  up  into  two  phases. 


The  value  of  (T[  -T0)  interval  and  velocity  of 
cooling  influences  the  form  of  Cr-component 
crystallization  in  the  liquid  Cu.  Necessary 
condition  for  crystallization  may  be  realize,  for 
instance,  in  the  commercial  production  of  Cu-Cr 
CM  vacuum  contacts  with  lower  impurities 
content. 


Fig.  1  -  Consolidation  of  initial  Cr-particles  with 
forming  of  coarse  columnar  crystals  (a); 
Cr-component  dispersing  and  forming  of  small 
crystals  with  different  forms  (b,  c).  x  400 
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CM  on  the  base  of  Cu  and  Mo  (in  form  of 
articles)  were  received  by  method  of  electron  - 
beam  high  velocity  evaporation  -  condensation  in 
Ukraine  for  the  first  time  [4].  Earlier  these  CM 
have  produced  by  powder  metallurgy  method 
partially  for  substitution  of  powder  W-content 
contacts.  New  CM  has  a  specific  micro-dispersed 
and  micro-layered  structure.  In  contrast  to  powder 
CM  on  the  same  base  condensed  CM  have  the 
higher  resistance  to  oxidation  in  the  air.  This 
resistance  to  high  temperature  corrosion  was 
achieved  by  alloying  but  with  lower  content  of 
additions  then  in  powder  matrix  CM.  Slightly 
alloying  condensed  CM  has  high  level  of  electric 
conductivity,  what  allows  to  use  new  CM  for 
change  Ag-content  CM  in  middle  loading 
switches. 

In  this  work  the  changes  of  alloy  Ni-Fe-W 
structure  were  considered  in  connect  with 
influence  on  it  of  high  temperature  (1085-1645  °C) 
and  pressure  (6-8  GPa).  After  short-time  influence 
of  these  parameters  CM  followings  structure 
changes  were  established  in  the  Ni-Fe-W:  W- 
grains  dividing  and  originating  splinter  W- 
particles,  fig.  2,  a,  b;  redistribute  of  component  on 
the  base  Ni  and  W;  forming  the  dendrite 
W-ciystals  locally  between  initial  grains  or  in  the 
whole  volume  of  specimen,  fig.  3,  a,  b.  Complex 
influence  of  temperature  and  pressure  allows 
increasing  CM  hardness  from  3000  to  6400  MPa. 


Fig.  3  -  Dendrite  W-crystals  forming:  locally  between 
initial  grains  (a);  in  the  whole  volume  of  specimen  (b) 

x300 

Received  results  have  used  for  choice  of 
properties  increase  condition  of  these  CM. 
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Fig.  2  -  W-grains  dividing  (a);  originating 
splinter  W-particles  (b)  x  200 
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IMPRUVEMENT  OF  EXPLOATATION  CHARACTERISTICS  OF 
MOLIBDENUM  USING  LAYER-BY-LAYER  ELECTRIC-SPARK 
ALLOYING  AND  LASER  TREATMENT 

Podchernyaeva  I.A.,  Frolov  G.A.,  Panasyuk  A.D.,  Kravchenko  V.S.,  Teplenko  M.A., 

Bloschanevich  A.M.,  Kostenko  A.D. 
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Nowadays  there  is  an  important  problem  to  in¬ 
crease  the  resistance  to  high-temperature  corrosion 
and  the  level  of  mechanical  characteristics  of  mo¬ 
lybdenum  as  material  of  jet  and  space  industry. 
The  conventional  way  to  decide  this  task  is  surface 
modification  using  laser  alloying  or  vapour  depo¬ 
sition  (PVD  or  CVD  methods)  [1],  The  electric- 
spark  alloying  (ESA)  being  characterized  by  expe¬ 
dient  application  and  ecological  safety  may  be  one 
of  the  ways  to  decide  such  task.  The  goal  of  this 
study  is  to  investigate  the  composition,  structure 
and  corrosion  properties  of  Mo  after  its  ESA  with 
AIN-TiB2/ZrB2-based  composite  ceramics.  As  Mo 
samples  the  LIM-lOalloy  (Al  -  0.02%,  B  -  0.002%, 
C  -  0.003%,  02  -  0.002%)  was  used.  The  choice  of 
coating  materials  was  conditioned  by  high  corro¬ 
sion  resistance  of  these  ceramics  till  1400°C  [2], 

ESA  was  implemented  under  high-frequent  alloy¬ 
ing  in  air  at  the  following  regime:  short  circuit  - 
0.9  A,  impulse  energy  —  0.08  J,  impulses  frequency 
—  1200  Hrz.  The  «KBaHT-15»  solid  laser  was  used 
for  the  surface  treatment.  The  electrodes  (3  x  4  x 
35  mm)  with  the  porosity  ~  2.0  -2.5%  were  fabri¬ 
cated  by  powder  metallurgy  methods.  ESA  was 
carried  out  using  layer-by-layer  procedure.  The 
outer  layer  was  formed  with  the  use  of  MoSi2 
electrode,  the  latter  being  applied  to  silicide  the 
surface.  Another  way  to  silicide  was  the  laser 
treatment  of  ESA-coating  or  initial  Mo,  using  SiC 
powder.  The  composition  and  structure  of  surface 
were  studied  using  XRD,  EPMA,  SEM,  and  met- 
allographic  methods.  The  kinetics  of  interaction 
with  oxygen  under  isothermal  conditions  (up  to 
1400  C)  was  studied  by  TG  method.  The  mechani¬ 
cal  tests  were  carried  out  at  the  temperature  of 
1150°C  in  vacuum  not  worse  0.1  Pa.  The  sample 
heat  rate  till  the  test  temperature  was  30  °/min. 

It  was  found  that  the  ESA-coatings  obtained  had  an 
island-like  nature  and  consisted  of  three  parts.  The 
surface  of  sample  with  coating  (a  thickness  ~  5-20 
pm)  proved  to  be  reinforced  by  granules  of  fine- 
dispersion  composite  material  on  the  base  of  elec¬ 
tric  erosion  solid-phase  products.  They  occupied 
approximately  20-30%  of  working  area  whereas 


the  greater  part  of  coating  was  Mo,  mainly,  alloyed 
with  aluminium,  and  also  contained  the  uncoated 
molybdenum,  the  latter  being  explained  by  peculi¬ 
arities  of  ESA  method.  According  to  XRD  data  as 
well  as  EPMA  spectra  of  a  cross  section  of  globule 
for  both  the  AIN-TiB2  (TEHA)  and  AlN-ZrB2- 
ZrSi2  (IJECAH)  electrode  materials,  one  can  con¬ 
clude  that  the  gradient  structure  of  globule  sinter¬ 
ing  layer  is  formed  on  the  Mo  surface.  In  the  case 
of  AlN-TiB2  alloying  electrode,  the  outer  globule 
later  proved  to  be  the  titanium  diboride  while  the 
layer  near  Mo  substrate  is  double  titanium- 
molybdenum  diboride,  and  the  middle  one  is  alu¬ 
mina.  In  the  case  of  AlN-ZrB2-ZrSi2  alloying  elec¬ 
trode,  the  surface  sintered  layer  consists  of  the 
alumina  whereas  the  lower  layer  is  zirconium 
borone  silicide  with  the  additive  of  AI2Si05  mul- 
lite.  Hereby  on  the  “globule-Mo”  boundary  there  is 
a  transition  zone  of  about  1  Hm,  enriched,  mainly, 
with  aluminium.  It  was  shown  that  the  deposition 
of  ESA  coating  promoted  to  a  rise  of  corrosion 
resistance  of  technical  Mo  samples  (up  to  1200°C) 
by  ~  8  times.  Hereby  the  vaporization  of  M0O3 
oxide  was  the  process  limiting  high-temperature 
corrosion,  on  the  whole.  On  the  base  of  both  data 
concerning  the  temperature  dependence  of  linear 
vaporization  rate  and  thermodynamic  calculation 
of  diminution  of  oxidation/  vaporization  active 
centers  amount  one  can  evaluate  the  magnitude  of 
working  area  of  uncoated  sample  surface  that 
proved  to  be  equal  to  ~  16%.  The  influence  of 
layer-by-layer  ESA  on  the  molibdenum  resistance 
to  high-temperature  oxidation  is  presented  in  the 
table  for  the  different  annealing  temperatures  (Tan) 
of  samples.  The  total  affect  of  an  increase  of  corro¬ 
sion  resistance  of  molibdenum  conditioned  by 
formation  of  complex  compounds  of  the  Ti-Zr-Al- 
Si  system  in  the  material  of  sintered  layer  as  well 
as  a  presence  of  molibdenum  regions  alloying  with 
aluminium.  The  layer-by-layer  ESA  process  im¬ 
proved  the  molibdenum  mechanical  characteristics 
as  well  (Table).  The  most  magnitude  of  relative 
uniform  lengthening  (5un.)  was  6.7%  for  the  case  of 
layer-by-layer  ESA  using  TEHA+MoSi2  scheme. 
This  value  is  higher  by  5.6  times  compared  with 
the  initial  uncoated  Mo  specimen. 
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Effect  of  ESA  on  the  molibdenum  properties 


Table 


Electrode  material 

Mass  loss 

□m/s,  mg/cm2 

Relative  uni- 

(treatment  scheme) 

Tan.  =  1200  °C, 

Tan.  =  1400  °C, 

form  leng- 

t  =  30  min 

t  =  30  min 

thening  5u„ ,  % 

UECAH-5  (ESA) 

-47.30 

- 

- 

UECAH-5  +  Mo-Si2  (layer-by-layer  ESA) 

-7.32 

-30.5 

4.3 

LfBCAH-5  (ESA)  +  SiC  (laser  treatment) 

-9.70 

- 

TEHA  (ESA) 

0 

-37.5 

6.7 

TEHA  +  MoSi2  (layer-by-layer  ESA) 

-88 

- 

- 

MoSi2  (ESA) 

-115.80 

catastrophic  mass  loss 

1.2 

Initial  uncoated  Mo 

-15.95 

-  . 

- 

Laser  treatment  of  uncoated  Mo 

- 

- 

3.7 
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The  upgrading  of  quality  of  parts,  especially 
determining  the  service  life  of  art  ides,  remains  as 
an  urgent  problem  in  machine  building.  Here,  we 
have  to  do  with  the  widely  used  axially  symmetric 
parts:  shafts,  axles,  tubes  et  al. 

Traditional  techniques  for  increase  of  service  life 
of  such  parts  consist  in  an  application  of 
protective  wear  resistant  coatings  on  working 
surfaces  in  various  ways,  Even  these  coatings  are 
not  necessarily  efficient  for  rust  protection.  For 
parts  to  be  exposed  simultaneously  to  high 
temperatures,  intensive  mechanical,  corrosion  and 
erosion  wear,  high  impact  loads,  another  technical 
decisions  are  required. 

Along  these  lines,  interesting  perspectives  open 
through  the  use  of  advantages  of  granule 
metallurgy  and  radial  forging  in  a  complex. 

Abroad,  the  following  firms  attained  some 
successes  in  this  field:  ASEA  (Sweden),  Krupp 
Forschungsinstitut  (Germany),  AVCO  Ryconing 
DJY  (USA).In  the  former  Soviet  Union  the 
analogous  works  were  conducted  at:  the  All- 
Union  Institute  For  Light  Alloys  (VILS),Moscow; 
the  Ukrainian  Research  Scientl4-fical  Institute  For 
Special  Steels  and  Alloys  (UkrNIISpec-Stal), 
g.Zaporozhie;  VNIIStal,  Moscow;  NPO 
"Tulachermet"  et  al 

These  works  go  on  at  present  too.  However,  rates 
of  progress  are  reduced  and  there  is  no 
coordination  between  leading  institutes  of  this 
direction. 

The  accepted  technology  for  manufacturing  large¬ 
sized  blanks  from  granules  consists  of  the 
following  operations:  capsules  are  filled  with 
granules,  degased  and  sealed.  Hot  pressing  is 
carried  out  on  gas  static  presses.  If  required,  the 
produced  blanks  are  exposed  to  the  hot 
deformation,  heat  treated  and  machined. 

For  production  of  axially  symmetric  semi  finished 


items,  radial  forging  machines  of  the  Austrian 
firm  GFM  (radial  forging  machines  of  the  type 
SXP  16.SX  25,  SX  40.  SX  55  et  al.)  are  heavily 
used  all  over  the  world.  On  these  machines,  a  high 
degree  of  precision  and  dimensional  stability  of 
parts  are  achieved;  a  metal  consumption  decreases 
by  a  factor  of  1,5  ...  2;  the  labour  productivity 
increases  5  to  6  times.  The  specialists  of  the  Perm 
Research  Technological  Institute  have  used  the 
complex  of  possibilities  of  radial  forging  process 
and  granule  metallurgy  when  elaboration  of  a 
fundamentally  new  technology  for  manufacturing 
shafts  and  tubes  and  for  perfection  of  design  of 
these  parts.  In  so  doing,  the  operation  of  pressing 
of  granules  in  a  capsule  on  the  gas  static  press  was 
replaced  by  operation  of  hot  packing  and  then  by 
the  hot  deformation  on  the  radial  forging  machine 
of  the  type  SXP  16  with  the  use  of  special 
hammers.  The  present  method  makes  it  possible  to 
simplify  and  reduce  the  price  of  the  technological 
process.  And  at  the  same  time  this  method  allows 
the  use  of  heterogeneous  alloys  which  provide  the 
increase  of  wear  and  erosion  resistance,  high- 
temperature  strength  and  other  characteristics. 
This  technology  makes  it  possible  to  vary  the 
chemical  composition,  both  through  the  length 
and  the  cross-section  of  a  semi-finished  item. 
Field  of  application  of  this  new  technology  does 
not  restrict  only  to  production  of  special  articles. 
In  such  a  way  it  is  possible  to  manufacture  multi¬ 
layer  axially  symmetric  blanks,  such  as  blanks 
from  tool  steels  for  production  of  cutting  tools  and 
machining  attachments,  tubes,  incl,  multilayer 
tubes  with  use  of  powders  (granules)  of  satellites, 
nimonics  et  al.  for  general  machine  building  use 
(oil  and  gas  industry  et  al.) 

For  production  of  oil  well  sucker-rod  pumps  and 
other  pumps  of  various  modifications,  the 
specialists  of  the  JSC  "ELKAM-Weftemash"  have 
developed  a  perspective  technology  for  making  of 
a  radial  forged  bimetallic  cylinder  with  an  inner 
cladding  layer  from  materials  with  higher  wear 
and  corrosion  resistance  -stainless  steels,  brass, 
bronze  et  al.  (Patent  of  the  Russian  Federation 
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No.2095179). 

The  JSC  "Perm  Research  Technological  Institute" 
and  the  JSG  "ELKAM-Neftemash"  are  ready  for 


the  joint  cooperation  for  making  of  new  materials 
and  technologies  for  production  of  axially 
symmetric  semi  finished  items  with  interested 
firms  on  the  basis  of  the  agreed  understanding. 
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Now  one  of  actual  problems  is  obtaining  high- 
quality  coatings  and  surfaces  of  details.  For 
solution  of  this  problem  the  local  methods  of 
effect  with  application  of  high  energy  sources 
such  as  laser  radiation,  plasma  arc,  electron  beam, 
currents  of  a  high  frequency  etc.  will  be  even 
more  often  used. 

The  laser  surfacing  consists  in  obtaining  topcoats 
from  powdered  materials  on  details  by  laser 
bundle.  High  efficiency  of  this  process,  possibility 
of  regulation  of  thermal  modes  of  a  surfacing, 
obtaining  of  coatings  by  width  from  tens 
micrometers  up  to  several  millimeters,  including 
on  restricted  sites  of  workpieces,  causes  high 
versatility  of  a  laser  surfacing,  which  allows  to 
plot  coatings  with  a  wide  spectrum  of  the 
auxiliary  properties.  The  soul  interest  represents 
one  of  sorts  of  such  processing,  when  as  a  result 
of  a  smelting-down  and  subsequent  superfast 
cooling  in  a  thin  surface  layer  the  metal  gains 
amorphous  or  microcrystalline  structure.  Obtained 
two-phase  (amorphous  phase  +  crystalline)  or 
microcrystalline  (one  or  several  phases  with  a 
very  mesh  size  of  a  grain)  the  coatings  can  have  a 
high  corrosion  stability,  endurance,  magnetic 
properties,  heightened  hardness  etc. 

The  work  is  devoted  to  research  of  the  process  of 
a  surfacing  of  metal  alloys  on  a  base  of  transition 
metals  by  laser  radiation  with  the  purpose  of 
development  of  the  technology  of  a  plotting  of 
coatings,  which  have  amorphous-microcrystalline 
structure.  The  purpose  of  the  given  operation  was 
detection  of  legitimacies  of  influence  of 
technological  modes  of  a  surfacing  of  alloys 
FeNiB  and  FeMoCrB  on  physical-mechanical 
properties  of  received  coatings. 

The  surfacing  was  conducted  by  continuous  laser 
radiation.  The  focus  of  radiation  was  carried  out 
by  a  lens  with  focus  distance  F  =  300  mm.  The 
hard  facing  powder  was  moved  under  a  comer  of 
45  degrees  following  to  driving  of  a  sample.  The 
thermal  source  was  displaced  with  speed  of 
2. ..5  mm/s,  providing  obtaining  hard  facing 


platens  of  width  0,5- 1,5  mm  and  height  up  to 
1  mm. 

Structural-phase  researches  of  coatings  were 
conducted  by  diffractometer.  The  corrosion  tests 
of  the  obtained  laser  coatings  in  the  different 
environments  were  carried  out.  With  the  help 
potentiometer  the  anode  and  cathode  curves  of 
each  sample  were  removed  and  are  defined  by 
EMF  and  speed  of  staining.  We  conducted 
wearing  tests  in  the  mode  of  a  rubbing  friction 
with  loads  5,1-15,3  MPa  at  speed  of  abrasion  of 
20  mm/s. 

The  analysis  of  X-ray  photographs  of  coatings, 
that  in  structure  of  hard  facing  layer  are  present 
both  amorphous,  and  crystalline  structural 
components.  Hard  facing  coatings  from  FeNiB 
obtained  at  speeds  of  refrigeration  104  K/s,  have 
in  main  crystalline  structure  and  consist  of  a  hard 
solute  of  iron  (Fe,Ni)3-B  on  the  basis  of  a 
tetragonal  lattice  of  boride  of  a  nickel  Ni3-B  (a  = 
0,863  nm;  c  =  0,437  nm).  The  coatings  obtained 
at  speeds  of  refrigeration  of  the  order  105  K/s,  in 
top  layers  have  microareas  of  amorphous 
structure.  Its  amount  depends  on  technological 
parameters  of  processing.  On  a  base  of  a 
structure  analysis  it  is  possible  to  assume,  that  at 
plotting  one  track  hard  facing  of  a  stratum  on  a 
metal  substrate  on  a  surface  there  is  an 
amorphous  layer,  which  at  the  subsequent  heat 
(originating  at  plotting  adjacent  surfacing  of  a 
stratum)  passes  in  a  crystalline  state.  It  is 
reconfirmed  by  that  on  a  surface  hard  facing  of  a 
stratum  is  gained  tetragonal,  instead  of  the 
trimetric  boride,  i.e.  crystallization  goes  not  from 
a  melt,  and  from  an  amorphous  state. 

The  similar  outcomes  are  obtained  for  FeMoCrB. 

The  analysis  of  polarization  curves  has  shown, 
that  the  researched  coatings  in  a  wide  interval  of 
potentials  behave  practically  identically.  At  anode 
polarization  in  active  area  the  current  intensity 
linearly  depends  on  a  potential,  and  at  further 
increase  of  a  potential  the  saturation  current  is 
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achieved  and  the  current  intensity  varies 
unsignificantly  with  rise  of  a  potential. 

The  researched  coatings  have  high  corrosion 
stability.  However,  if  on  a  potential  of  staining  of 
a  coating  practically  are  identical,  on  speed  of 
staining  the  essential  discrepancy  is  watched.  So, 
for  example,  in  the  neutral  environment  for  FeNiB 
coating  with  amorphous  structure  the  speed  of 
staining  constitutes  0,56  mkA/sM2,  with 
amorphous  -  crystalline  0,79  mkA/sM2, 
microcrystalline  1,77  A/sm2,  in  slightly  alkali  she 
is  diminished  in  5  times  order,  in  sour  -  by  1 
order. 

The  high  corrosion  stability  of  microcrystalline 
coatings  is  explained  to  the  following.  It  is  known 
that  the  boundaries  of  grains  in  crystalline  alloys 
are  sites  of  the  facilitated  origin  of  staining.  The 
crystalline  coatings  obtained  as  a  result  of  fast 
refrigeration  consist  of  very  shallow  crystallites 
and  consequently  the  specific  surface  area  of 
boundaries  in  them  is  great.  However,  during  fast 
refrigeration  there  is  no  fluctuation  of  chemical 
composition.  Therefore,  alloys  obtained  by  fast 
refrigeration  of  a  fluid,  though  are  crystalline,  but 
have  not  local  oscillations  of  chemical 
composition  on  such  defects,  as  the  boundaries  of 
crystallites,  i.e.  are  characterized  by  a  high 
chemical  homogeneity.  Thus,  the  boundaries  of 
crystallites  in  high  cooling  alloys  do  not  render 
essential  influence  on  their  corrosion  behavior. 

In  overwhelming  majority  of  cases  the  real  details 
are  subjected  combined  influence  -  corrosion, 
friction,  cyclic  powers,  heat  etc.  Therefore  we 
spent  test  on  friction.  It  is  visible,  that  the  sample 
with  microcrystalline  structure  has  the  greater 
endurance,  than  sample  with  amorphous  structure 
of  a  surface.  It’s  established  the  sample  with 
amorphous  structure  of  a  surface  has  losses  of  a 
mass  in  1,5-2  times  above,  than  sample  with 
microcrystalline  structure.  I.e.,  at  decrease  of  a 
running  speed  of  a  laser  beam  and  increase  of  an 
amount  of  a  given  dust  in  a  workpiece  range,  and, 
therefore,  at  decrease  of  speed  of  refrigeration  the 
value  of  a  wear  is  reduced,  as  microcrystalline 


structure  in  this  case  is  shaped.  I.e.,  at  decrease  of 
a  running  speed  of  a  laser  beam  and  decrease  of 
an  amount  of  a  given  dust  in  a  workpiece  range, 
and,  therefore,  at  increase  of  speed  of  refrigeration 
the  value  of  a  wear  is  reduced,  as  microcrystalline 
structure  in  this  case  is  shaped. 

High  wear  resistance  the  characteristics  has  the 
amorphous-crystalline  structure.  The  outcomes 
are  obtained  for  coatings  marked  at  speeds  of 
refrigeration  10s  K/s,  which  provide  creation  of  a 
high-strength  and  rather  plastic  amorphous  matrix 
with  the  uniformly  distributed  dispersible  particles 
of  hardening  phases.  Presence  of  microcrystalline 
inclusions  in  an  amorphous  matrix  boost  hardness 
and  improve  TpHfioTexHHHecKHe  sharply 
characteristics  is  model.  I.e.,  the  coatings  having 
amorphous  -  crystalline  structure  have  to  a  rather 
high  resistance  of  outwearing,  which  is  higher 
than  subjects,  than  more  degree  of  dispersion  of 
particles  of  borides  and  is  more  uniform  their 
allocation  in  bulk  coatings. 

Experimentally  is  established,  that  at  a  laser 
surfacing  it  is  possible  to  gain  both  amorphous, 
and  microcrystalline  structures. 

Is  exhibited  that  speed  of  staining  is  model  with  a 
coating  having  amorphous  structure  higher,  than 
having  microcrystalline.  Thus  of  speed  of  staining 
of  a  coating  with  amorphous  -  crystalline  structure 
unsignificantly  differs  from  coatings  with 
amorphous  structure. 

The  researches  on  influence  of  technological 
modes  of  obtaining  of  coatings  on  their  endurance 
are  carried  out.  Is  established,  that  the 
microcrystalline  coatings  have  losses  of  a  mass  in 
1 ,5-2  times  smaller,  than  amorphous  coatings. 

I.e.  the  amorphous-microcrystalline  coatings  can 
be  classed  as  intermediate  structure,  which  has 
rather  high  both  corrosion  and  tear-proff 
properties.  Therefore  it  is  expedient  to  apply 
coatings  with  such  structure  on  details  operating 
in  conditions  of  a  wear  in  hostile  environments. 
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Synthetic  diamonds  are  manufactured  by  the 
following  basic  methods: 

1. The  methods  of  high  pressure  and  high 
temperature  treatment  of  graphite  in  the  region  of 
thermodynamic  stability  of  diamond.  Linder  such 
conditions  the  synthesis  of  powders  of  poly-  and 
monocrystals  of  diamond  is  carried  out; 

2.  By  methods  of  explosive  synthesis  the  powders 
of  ultradisperse  diamond  with  the  very  small  sizes 
of  particles  and  large  specific  surface  are 
manufactured; 

3.  The  methods  of  chemical  vapor  deposition 
(CVD)  allows  one  to  manufacture  diamond  films. 

The  synthesis  of  cubic  boron  nitride  are  carry  out 
by  the  first  method. 

It  is  known,  that  the  basic  reasons  for  failure  to 
achieve  the  theoretically  designed  parameters  of 
synthesis  of  diamond  near  the  line  of 
thermodynamic  balance  at  high  pressure,  are  the 
processes  connected  with  nucleation  of  diamond 
particles  and  formation  of  a  critical  nucleus  of 
growth. 

Ultradisperse  diamonds,  manufactured  by  the 
methods  of  explosive  synthesis,  have  a  number  of 
unique  properties  connected  to  the  features  of 
their  structure  [1],  The  basic  properties 
determining  their  special  behavior  while 
interacting  with  other  substances  are  the 
extremely  small  size  of  particles  (2-40  nm)  and 
large  specific  surface  (up  to  300  m2/g). 

In  this  sense  the  research  of  the  influence  of  the 
ultradisperse  diamonds  additives  on  direct  and 
catalytic  synthesis  of  diamond  under  high  pressure 
conditions  is  of  practical  interest. 

In  the  manufacture  of  diamond  materials  the 
challenge  is  to  create  highly  dispersive  diamond 
containing  compacts  with  the  nanophase  structure 
useful  as  abrasive  tools  in  optics  and 
microelectronics  for  obtaining  high  purity  of  the 
machined  surfaces  [2,3]. 

As  the  polymorphic  modifications  of  carbon 
(graphite,  diamond)  and  boron  nitride  (hexagonal 


boron  nitride,  cubic  boron  nitride)  have  a  number 
of  similar  physical-chemical  properties  and  are 
analogous  in  the  crystal  structure  with  the  close 
parameters  of  the  crystal  lattice,  the  study  on 
interaction  of  ultradisperse  diamond  with  boron 
nitride  holds  considerable  practical  interest  too. 

The  special  interest  is  the  investigation  of  the 
interaction  of  ultradisperse  diamonds  with 
hexagonal  boron  nitride  in  P,  T  area  of  phase 
transformation  hexagonal  boron  nitride  -  cubic 
boron  nitride. 

In  the  work  the  X-ray  diffraction  analysis  data  on 
the  influence  of  the  additives  on  conditions  of 
synthesis  and  output  of  diamond  and  cubic  boron 
nitride  in  wide  area  of  pressure  (P=4.0-7.0  GPa) 
and  temperatures  (T=500-1700°C)  at  a  time  of 
high  pressure  and  temperature  treatment  from  10 
up  to  300  s  are  presented. 

The  phase  structure  of  the  samples  was 
investigated  by  the  methods  of  X-ray  diffraction 
analysis  on  X-ray  diffractometer  DRON-4.  The 
study  of  the  dependences  of  density  and 
microhardness  of  the  samples  on  the  conditions  of 
high  pressure  and  high  temperature  treatment  was 
carried  out. 

It  is  established,  that  when  graphite  or  hexagonal 
boron  nitride  interact  with  the  ultradisperse 
diamond  over  the  wide  temperature  and  pressure 
range  there  occurs  the  transformation  graphite  and 
hexagonal  boron  nitride  into  cubic  modifications 

(Fig-1)- 

The  X-ray  patterns  of  the  sample  of  an  starting 
composition  with  50  wt.  %  of  ultradisperse 
diamond  and  50  wt.  %  of  hexagonal  boron  nitride 
are  given  on  a  Fig.  1 .  Samples  were  subject  of 
high  temperature  high  pressure  processing  under 
pressure  7.0  GPa  during  10  minutes  at  a  various 
temperatures  (T=1000°C,  T=1600°C). 

In  the  sample,  with  the  temperature  T=1000°C  of 
high  temperature  high  pressure  treatment  only  the 
lines  of  hexagonal  boron  nitride  and  ultradisperse 
diamond  are  observed  (Fig.  l,b). 
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In  the  sample,  which  the  high  temperature  high 
pressure  treatment  was  carried  out  in  the  field  of 
stability  of  cubic  boron  nitride  (T=1600°C)  the 
phase  transformation  is  clearly  seen  (Fig.l,a). 

Characteristically  that  the  line  for  ultra-  disperse 
diamond  have  disappeared. 

It  is  established,  that  the  transformation  goes 
through  amorphous  of  hexagonal  boron  nitride 
and  the  crystallization  of  cubic  modification  of 
boron  nitride  from  the  amorphous  phase  of  boron 
nitride.(Fig.2) 

The  X-ray  patterns  of  the  sample  of  an  starting 
composition  with  80  wt.  %  of  ultradisperse 
diamond  and  20  wt.  %  of  hexagonal  boron  nitride 
are  given  on  a  Fig.  2. 

The  high  temperature  high  pressure  treatment  was 
carried  out  with  the  following  conditions:  pressure 
P=7.0  GPa,  temperature  T=1300  C  with  various 
time  of  proceedings:  a)  1 0  c,  b)  30  c. 

It  is  shown,  that  the  hexagonal  boron  nitride 
transform  in  the  amorphous  state,  then  it  begin 
crystallization  as  cubic  boron  nitride  from  an 
amorphous  phase. 

The  similar  processes  occur  when  a  graphite 
transform  to  diamond. 


Fig.  1 .  X-ray  diffactograms  of  the  patterns 
measured  with  CuKai  —  raiation  (/.=T  .5405  A). 


Fig.  2.  X-ray  diffactograms  of  the  patterns 
measured  with  CuKai  —  raiation  (7.=T  .5405  A). 
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High-capacity  metals  in  respect  to  hydrogen 
require  the  certain  treatment  before  the  first 
sorption  of  hydrogen.  Especially  when  we  deal 
with  such  high-active  metals,  as  Be,  Al,  Mg  and 
Ti.  After  direct  contact  with  hydrogen,  they  do 
not  tend  to  form  hydrides  without  being 
previously  activated.  However,  these  very 
elements  and  their  alloys  form  hydrides 
characterized  the  highest  content  of  hydrogen. 

In  our  work  the  method  of  mechanochemical 
treatment  of  metals  and  alloys  for  activation 
materials  before  sorption  of  hydrogen  was  used. 
Titanium  was  chosen  as  an  model  object  because 
of  its  high  capacity  and  modest  cost  of  metal 
itself. 

Mechanochemical  treatment  was  carried  out  in  a 
high-rate  planetary  mill  with  metallic  drums  and 
metallic  balls.  Water  and  alcohol  were  used  as 
dispergation  media.  Weights  of  titanium  loaded 
were  6,  10,  and  20  g.  X-ray  patterns  were  taken 
using  DRON-3M  (CuKa)  X-ray  diffractometer. 
Hydrogenation  of  Ti  powders  was  performed 
directly  after  the  treatment  in  a  mill  on  Siverst’s 
type  device.  Absorption  of  hydrogen  was 
measured  regarding  the  change  of  pressure  in  a 
closed  system  with  volume  about  65  cm3.  Initial 
pressure  0.1  M  Pa  was  fixed  to  the  normal  in 
constant  intervals  (5  min.)  with  following 
noticing 

of  hydrogen  absorbed.  Dehydriding  was  carried 
out  in  vacuum  13  Pa.  Temperature  at  which 
hydrogen  started  to  evolve  and  its  amount  were 
noticed  as  well. 

Analysis  of  X-ray  spectra  showed  that  under  the 
mechanical  activation  during  20  min.  the  peak 
corresponding  to  TiHx  hydride  phase  (2  0*  86°) 
is  present  in  X-ray  patterns  (fig.l).  On  the  other 
hand,  peaks  corresponding  to  titanium  oxide 
formation  are  absent.  Further  increase  of  the 
treatment  duration  results  in  lowering  of  this  peak 
and  after  40  min.  of  activation  in  a  mill  one  can 
observe  transformation  of  Ti  powder  in  the  X-ray 
amorphous  state  occurred  due  to  significant 


dispergation,  which  could  be  attributed  to 
formation  of  “fragile”  TiH*  phase. 


,-TiH. 


40  W  100  120  140  ICO 

20  ,  degree 


Fig.l  X-ray  patterns  of  titanium  powder.  1 -initial 
Ti,  2,  3,  4  and  5-treated  in  water  during  20,  30,  40 
and  80  min.,  respectively. 


H/M 


Fig.  2  Dependence  of  hydrogen  content  in  the 
hydride  phase  on  duration  of  Ti  milling  in  water. 
Weight  of  titanium  loaded  in  a  drum:  1-6  g.,  2-10 
g.,  and  3-20  g. 
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Fig.  3  Dependence  of  total  content  of  hydrogen  in 
a  hydride  material  on  duration  of  milling.  Weight 
of  titanium  loaded  in  a  drum:  1-6  g.,  2-10  g.,  and 
3-20  g. 


Fig.  4  Influence  of  the  mechanical  treatment 
medium  on  concentration  of  hydrogen  in  a 
hydride  material.  1-  water,  2-alcohol. 

It  was  found  out  that  hydrogen  concentration  in 
the  hydride  phase  is  higher  when  weight  of  loaded 
in  a  drum  titanium  powder  is  lower  (fig.2).  Total 


content  of  hydrogen  in  the  whole  weight  loaded  in 
a  drum  is  higher  when  mass  of  powder  is  higher 
(fig.3).  It  is  worth  noticing  that  formation  of  the 
hydride  phase  occurs  when,  as  dispergation 
medium  was  also  used  alcohol.  It  was  shown  that 
amount  of  hydrogen  evolved  insignificantly 
depends  on  medium  of  the  treatment  up  to  80  min. 
of  activation.  After  the  treatment  exceeds  that 
time,  it  was  noticed  that  for  10  and  20  g.  loaded 
titanium  powder  we  have  more  hydrogen  evolved 
in  water  than  alcohol  (fig.4).  The  process  of 
mechanical  activation  of  titanium  powder  was 
also  accompanied  by  grinding  of  iron  from 
metallic  drums  and  balls  (fig.5).  It  was  shown  that 
the  highest  amount  of  iron  has  been  ground  when 
20g.  of  titanium  powder  was  treated  in  a  mill. 


Fig.  5  Dependence  of  Fe  content  in  titanium 
powder  on  milling  duration  and  amount  of  Ti 
powder.  Weight  of  titanium  loaded  in  a  drum:  1  -6 
g.,  2-10  g.,  and  3-20  g. 

Thus,  mechanochemical  treatment  of  titanium 
powder  results  in  both  the  activation  of  titanium 
powder  itself  and,  what  is  more  interesting, 
formation  of  titanium  hydride  phase  TiHx. 
Moreover,  the  formation  of  titanium  hydride 
occurs  under  treatment  of  the  powder  in  water  as 
well  as  alcohol.  Therefore,  mechanochemical 
activation  is  a  promising  method  for  development 
of  new  and  improvement  of  existing  as  hydride 
materials  as  methods  of  their  obtaining. 
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The  gasostatic  equipment  and  technologies  are 
the  new  advanced  developments  which  are 
gaining  wide  application,  extending  to  the 
leading  branches  of  national  economy  such  as 
air-space  and  nuclear  industries,  metallurgy, 
mechanical  engineering,  chemical  industry, 
etc. 

The  most  important  advantage  of  the  gasostatic 
treatment  method  lies  in  the  possibility  of 
providing  a  uniform  force  action  at  high 
temperatures  on  the  products,  workpieces  and 
other  objects  of  any  shape  and  composition.  In 
this  case,  optimum  conditions  are  provided  for 
healing  various  structural  defects,  sintering  of 
powdery  blanks,  synthesis  of  mineral-like  and 
other-type  materials.  Abroad,  this  method 
received  the  name  hot  isostatic  pressing  (HIP) 
which  is  sometimes  preceded  by  cold  isostatic 
pressing  (CIP)  [1], 

The  groundwork  of  the  gasostatic  facility 
involves  a  high-pressure  gas  compressor  (gas 
drive)  and  a  container  with  a  device  for  heating 
the  items  to  be  treated. 

To  compress  gases  to  high  pressures,  various 
boosters,  piston-  and  diaphragm-type 
compressors  have  gained  wide  acceptance  in 
the  world  practice.  Depending  on  the  operating 
parameters  of  gas  and  the  kind  of  production 
tasks,  the  containers  of  gasostatic  facilities  can 
vary  in  design,  they  may  be  single-layered, 
multilayered,  reinforced  by  winding  special 
strips,  with  axially  loaded  or  unloaded  frames, 
etc. 

The  efforts  at  ISSPMST  NSC  KIPT  have  been 
aimed  for  many  years  at  developing  gasostatic 


equipment  and  methods  to  immobilize 
radioactive  high-level  wastes  (HLW)  and  spent 
nuclear  fuel  (SNF).  Studies  are  made  to 
elucidate  the  possibility  of  using  various 
natural  minerals  and  their  synthetic  analogs, 
ceramic,  glassceramic  and  other  materials  for 
immobilization  of  HLW  and  SNF. 

To  perform  these  studies,  high-temperature 
gasostatic  installations  appear  an  efficient  kind 
of  equipment.  A  series  of  these  installations 
(GAUS  type)  was  designed  and  manufactured 
at  ISSPMST  NSC  KIPT  [2], 

Their  distinctive  property  and  advantage 
consist  in  the  use  of  the  cryogenic  gas 
thermocompressor  of  KRIT  type  as  a  high- 
pressure  gas  source[3].  The  KRIT-type 
cryogenic  gas  thermocompressor  was 
developed  at  ISSPMST  NSC  KIPT  and  has  an 
original  design,  free  of  a  variety  of  drawbacks 
inherent  in  piston-  and  diaphragm-type 
compressors,  and  also  in  boosters  of  various 
kinds.  Its  operation  is  based  on  a  sequential 
liquefaction  and  evaporation  of  working  gas  - 
argon.  The  pressure  increases  as  a  result  of 
change  in  the  aggregative  state  of  working  gas. 

The  thermocompressor  design  comprises  no 
mechanisms,  and  hence,  no  moving  parts, 
owing  to  which  there  are  no  sources  to 
contaminate  the  gas  compressed  with  the  grit 
of  moving  parts  and  lubricants.  By  varying  the 
quantity,  connections  and  the  operation  order 
of  thermocompressor  elements,  one  can  readily 
provide  the  required  performance 
characteristics  of  the  KRIT-type 
thermocompressor.  The  highest  possible 
pressures  of  gas,  attained  with  these 


240 


SECTION  C. 

ADVANCED  TECHNOLOGIES  FOR  PRODUCTION  AND  JOINING  MATERIALS  AND  PRODUCTS  FOR  OPERATION 

IN  HAZARD  CONDITIONS 


compressors,  make  about  800  MPa.  As  a 
working  container  in  the  GAUS-type 
gasostatic  installation,  a  one-  or  two-layer 
cylinder  choked  with  threaded  plugs  is  used, 
depending  on  the  operating  conditions. 

The  special  features  and  the  simplicity  in  the 
design  of  the  GAUS-type  gasostatic  facility, 
and  hence,  its  ease  of  manufacture,  high 
performance  characteristics,  and  also,  its 
moderate  size  make  the  GAUS-type  facility 
more  favorable  as  compared  to  the  other-type 
facilities. 

The  ISSPMST  NSC  KIPT  has  manufactured 
over  10  cryogenic  thermocompressors  and 
GAUS-type  high-temperature  gasostatic 
installations  of  various  modifications,  which 
are  now  in  service  at  ISSPMST  NSC  KIPT  and 
at  several  industrial  enterprises  and  institutions 
of  Chelyabinsk,  Zlatoust  and  St.  Petersburg 
(RF). 

Activities  at  ISSPMST  NSC  KIPT  are 
continued  to  create  GAUS-type  gasostatic 


installations  intended  for  use  in  different 

industries. 
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The  materials  prepared  from  nano-size  powders 
from  borides  and  nitrides  of  transition  metals  and 
aluminum  have  sufficiently  high  properties  for 
successful  work  in  extreme  conditions. 

In  this  report  studies  of  the  chemical  methods  for 
synthesis  of  ultra  fine  powders  of  Ti,  Zr,  A1 
borides  and  nitrides  and  processes,  occurring 
during  these  reactions,  are  reviewed. 

The  main  problems  of  preparing  of  nano-size 
powders  by  chemical  methods  are  synthesis  of 
“precursors’^  1],  concentration  of  impurities, 
stochiometric  composition  and  formation  of 
conglomerates  of  prepared  powders  [2]. 

The  dominant  chemical  methods  are 
described:liquid-phase  reduction  [3-7];  gas-phase 
reduction  (CVD-method)  [8-12];  gas-phase 
flaming  reduction  [13-14],  pyrolysis  of  chemical 
“precursors”  [15-17];  topochemical  methods  [18]. 

The  liquid-phase  reduction  includes  the 
preparation  of  solid  “precursor”  from  a  solution 
and  vacuum  annealing  it  in  high  (about  1000°C) 
temperature.  CVD-  and  gas-phase  flaming 
reduction  include  converting  of  initial  components 
to  gas  phase,  where  the  chemical  reaction  passes 
with  formation  of  a  solid  nano-size  product.  The 
particular  feature  of  gas-phase  flaming  reduction 
is  the  exclusively  high  exothermic  effect. 

The  chemical  “precursors”  can  be  synthetized,  for 
instance,  by  sol-gel  method,  initial  metalamides 
preparation  from  halogen  containing  binary 
compositions  of  metals  and  alkyds  of  alkaline 
metals. 

The  data  on  specific  surface,  sizes  of  particles, 
phase  compound,  crystallographic  properties, 
impurity  content  of  powders,  prepared  by  the 
chemical  methods,  are  adduced. 

Such  methods  are  suggested  as  perspective:  the 
pyrolysis  in  nonisothermic  conditions  the  hybride 
organic-inorganic  gel,  preparated  by  chemical 
modification  of  titanium  n-tetrapropylate  and 


ethylenediamine  for  synthesis  of  nano-size 
powder  of  TiN;  compositions,  derivative  of 
ammoniem,  for  AIN  preparation;  titanium  boron- 
hydride  Ti(BH4)3  and  fine  mixture  H2Ti03- 
H,B03-C12H220i  i  for  TiB2  ultra  fine  powder 
synthesis. 
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Introduction 

The  mixtures  which  are  intended  for  production  of 
the  composition  materials  (CM)  contain  often 
some  components  that  have  relatively  low-melting 
points.  Arising  of  liquid  during  the  thermal 
processing  may  sometimes  hinder  the  complete 
technological  process.  Using  an  electric  current 
passing  through  a  proper  mixture  mainly  makes 
more  active  the  diffusion  and  alloying  due  to 
electroconvection  [1-3]. 

Experimental  researches 

The  spherical  solid  copper  particles  (of  diameter 
~  50  p)  were  taken  as  an  addition  (20  mass.  %)  to 
tin.  The  electric  current  density  passing  through  the 
original  mixture  was  equal  to  100-150  A/cm  .  The 
duration  of  processing  was  equal  to  1 20  s.  In  order 
to  compare,  the  experiment  at  annealing  of  the 
same  composition  in  the  muffle  furnace  (at 
temperature  ~  350  °C  and  1200  s)  also. 

The  X-ray  analysis  has  shown  that  the  copper 
particles  under  the  electric  current  action  were 
dissolved  in  the  liquid  tin.  As .  the  result  the 
following  structure  was  obtained:  the 
intermetallides  Cu6Sn5,  Cu3Ssn  and  tin  (Fig.  la). 
The  intermetallides  mentioned  were  arisen  in  the 
plates  shape  (with  length  up  to  20  p  and  thickness 
of  0.5-1. Op).  The  material  obtained  after 
processing  in  the  muffle  furnace  contains  the  pure 
copper  particles  surrounded  by  the  "shaping  strips" 
of  the  Cu6Sn5  -  C3Sn  and  tin  phases  (Fig.  lb). 


b 


Figure  1-  Microstructure  of  Cu-Sn  samples:  a- 
sintered  by  electric  current  (intermetallides  Cu6Sn5 
and  C3Sn),  x60;  b-  sintered  in  muffle  furnace  by 
conventional  method  (intermetallides  as  "shaping 
strips"  of  the  Cu6Sn5,  -  C3Sn  and  copper  in  center), 
x500. 
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This  allows  to  conclude  that  the  more  intensive 
mass  transfer,  than  it  is  at  convectional  sintering, 
occurs  under  the  electric  current  action.  We  think 
that  the  mechanism  of  the  phenomenon  observed  is 
the  electroconvection. 

The  second  experimental  series  consists  of 
processing  the  mixtures  containing  80  %  copper 
particles  with  dimensions  0.7  mm  and  20  %  tin. 
The  sintering  of  such  objects  by  the  electric  current 
(at  temperature  600-670  °C  and  120  s)  results  in 
the  alloy  structure:  intermetallides  Cu6Sn5  and 
C3Sn  in  the  plate  shape  (with  length  up  to  100  p 
and  thickness  0.7-5.0  p),  pure  tin. 

In  order  to  compare  the  same  mixture  was 
processed  in  the  muffle  furnace,  the  temperature  at 
this  processing  was  the  same.  It  was  shown  that  the 
complete  alloying  has  occurred  after  the  sintering 
named  above  at  temperatures  650-700  °C  after  time 
2400-2600  s.  The  composition  of  the  samples 
obtained  was  similar  to  the  composition  of  the 
samples  sintered  by  electric  current  described 
above:  the  intermetallides  named  with  length  1,6- 
1 .7  mm  and  thickness  5-25  p. 


Figure  2-  Microstructure  of  Cu-Sn  samples, 
sintered  under  by  electric  current  action  (copper 
particle  is  surrounded  by  the  thin  layer  of  the 
CueSns  phase  and  intermetallide  CueSn5  as  "rays 
from  Sun"),  x200. 


The  additional  metallographic  investigation  of  the 
samples  obtained  after  the  short  sintering  by 
electric  current  (15-20  s)  allows  to  fix  some 
intermediate  state  during  alloying. 

So,  the  copper  particle  is  surrounded  by  the  thin 
layer  of  the  Cu6Sn5  phase,  besides  that  the  plates  of 
such  an  compound  are  located  with  directions  as 
"rays  from  Sun".  This  picture  maybe  is  caused  by 
the  peculiarities  of  the  electromagnetic  exertion  at 
electric  sintering  of  solid-melt  compositions. 
During  this  processing  some  small  pieces  are 
separated  from  the  intermetallide  plates  and  more 
off  these  plates. 

Conclusions 

The  intensification  of  mass  transfer  and  alloying  in 
heterogeneous  materials  under  the  electric  current 
action  was  observed.  This  occurs  often  due  to  the 
electroconvection  and  the  electroconvection 
diffusion.  Such  phenomena  can  be  used  for 
shortening  sintering  process.  This  will  allow  in 
some  cases  to  prevent,  or  to  minimize  for  example, 
graphitization  of  diamond  grains  in  tool  CM  due  to 
increase  of  temperature  during  sintering  and  to 
short  this  technological  process.  The  other  objects, 
which  may  be  retained  by  this  method,  are  CMs 
containing  reinforcing  fibres  and  thin  rods. 
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Abstract 

On  the  HTSC  ceramics  Bi|  gPbo^S^CaiC^Og 
obtained  by  sintering  under  high  pressure  conditions 
the  gravimetric  investigations  in  the  range  of 
temperatures  300-1100  K  and  under  magnetization 
M  at  4,2  and  79  K  in  magnetic  fields  H  till  7  T  were 
performed.  The  gravimetric  data  of  the  experiment 
carried  out  in  static  air  atmosphere  with  heating  and 
cooling  rate  of  10  gr/min  showed  an  insignificant  loss 
(0,1  %)  of  the  sample  mass.  The  critical  transport 
current  density  of  BiuPbo.2Sr2Ca,Cu208  samples  jc 
and  their  granules,  j®  ,  low  Hc,=420e  and  upper 
Hc2=l  80000  e  critical  magnetic  fields  were  calculated 
from  the  dependencies  M(H).  It  was  determined  that 
at  4,2  K  and  H=0  jc=2,5«104A/cm2,  jcB  =7-106A/cm2; 
at  79  K  jc=70A/cm2  and  j®  =2*  1 04  A/cm2.  At  4,2  K 
and  H=7Tjc=4,l*103  A/cm2,  j®  = 1,1 7*1 06  A/cm2. 
Introduction 

The  investigation  of  the  metal  lo-oxide  HTSC 
ceramics  physical  properties  is  of  great  interest. 
However,  as  it  well  known,  common  porous  HTSC 
ceramics  obtained  by  the  standard  solid  phase, 
synthesis  technology  is  characterized  by  the 
degradation  of  critical  parameters  under  external 
effects,  such  as  follows:  thermocycling,  agressive 
medium,  etc.  Absence  of  the  HTSC  ceramics 
operating  reliability  is  a  serious  obstacle  for  its  wide 
application.  In  connection  with  this/the  development 
of  other  technologies  to  obtain  the  metallo-oxide 
HTSC  ceramics,  for  example,  using  high  pressure 
technology,  is  of  interest.  Presented  paper  is 
dedicated  to  the  investigation  of  the  HTSC  ceramics 
Bi-Sr-Ca-Cu-0:Pb  samples  obtained  under  high- 
pressure  conditions  (up  to  5  GPa),  thermogravimetry 
in  the  temperature  range  300-1100  K  and 
magnetization  M  at  4,2  and  79  K. 

Experimental  Results  and  Discussion 

The  investigations  were  carried  out  on  the 
Bii  8Pb02Sr2CaiCu2O8  samples  prepared  by  sintering 
of  the  2-2- 1-2  compound  powders  powders  under  high' 
pressure  conditions  (up  to  5  GPa)  using  high  pressure 
solid  phase  chambers  of  "Toroid"  and  "Lens"  types 
and  hydraulic  press  of  2000  tonnes  stress.  While 
thermobaric  processing  the  oxygen  loss  was 
eliminated  by  using  special  technological  methods 
allowing  to  provide  air-tightness  of  the  high  pressure 
chamber  in  which  protective  medium  with  2-2- 1-2 


compound  powder  was.  X-ray  phase  analysis  was 
performed  with  the  help  of  X-ray  diffractometer 
"DRON-2.0"  using  CuK  radiation.  The  X-ray 
structural  analysis  of  the  samples  showed  that  they 
have  mainly  the  structure  of  2-2- 1-2  type.  The 
parameters  2-2- 1-2  pseudo-tetragonal  phase  are  as 
follows:  a=  =5,39  A,  c=30,78  A;  for  2-2-2-3  phase 
a=5,39  A,  c=37,04  A.  The  temperature  control  of 
superconducting  transition  Tfl  was  carried  out  by 
measurement  of  magnetization  temperature 
dependences  M  and  electrical  resistance  R.  It  was 
determined  that  the  investigated  samples  had  the  value 
Tc=86  K  at  R=0  and  the  metallic  dependence  R(T)  at 
.  the  temperature  which  is  higher  than  Tc.  Critical 
transport  current  density  jCjg  for  the  samples  and 
critical  current  density  of  the  sample  granules  (size  of 
granules  ?3  pm)  were  determined  from  the 
dependences  M(H)  at  4,2  and  79  K.  The  value  j  was 
calculated  through  the  loop  width  of  the  curve  M(H) 
in  the  Bin-London  model.  The  samples  for  the 
magnetic  measurements  were  prepared  in  the  form  of 
balls  with  0.84  mm  diameter.  Dependences  M(H)  in 
the  range  H=  500e  were  performed  for  79  K  and  in 
the  range  H=7T  for  T=  4,2  K.  Magnetic 
measurements  were  carried  out  according  to  the 
standard  technique  with  the  help  of  "SKVID"- 
magnetometer,  and  at  4,2  K  -  with  the  help  of  the 
"ballistic  magnetometer;  electrical  measurements  were 
performed  by  the  four  probe  methods 
Thermogravimetric  investigations  were  performed  on 
the  Hungarian  "G-1500"  derivatograph  of  MOM  firm 
in  the  static  air  atmosphere,  rate  of  cooling  and  heating 
was  10  dg/min.  The  thermograms  were  taken  in  the 
temperature  range  300-1 100  K  on  the  samples  of  2g 
weight.  It  was  turned  out,  that  sintering  of  HTSC 
ceramics  under  high  pressure  conditions,  using  it  as  a 
solid  medium  transmitting  pressure,  leads  to  the 
structure  deformation  both  2-2- 1-2  and  2-2-2-3  phases 
that  was  expressed  in  widening  of  the  diffraction  lines 
and  in  decreasing  of  peak  intensity.  It  is  explained  by 
the  presence  of  the  internal  microstrains  in  the  sample 
which,  however  may  be  removed,  by  the  following 
thermocycling.  Offered  thermocycling  up  to  1100  K 
with  heating  rate  10  dg/min  of  the  mass  HTSC 
ceramics  Bi-Pb-Sr-Ca-Cu-O  obtained  by  sintering 
under  high  pressure  conditions  brings  to  essential 
regeneration  of  the  2-2-1 -2  and  2-2-2-3  phases  crystal 
structure  without  changing  the  unit  cell  parameters. 
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As  the  content  of  oxygen  in  metallo-oxide  HTSC 
ceramics  determines  superconducting  properties  then 
for  determination  of  the  ceramic  thermal  stability  its 
thermogravimetric  investigations  are  very  important. 
In  Fig.l  the  temperature  changing  of 
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Fig.  1.  Temperature  changing  of  mass  of  HTSC 
ceramics  samples  obtained  under  high  pressure 
conditions  (5GPa):  a)  first  cycle  heating-cooling; 
b)  second  cycle  heating-cooling. 

mass  of  Bi1.8Pbo2Sr2Ca1Cu20s  samples  obtained  under 
high  pressure  conditions  (2GPa)  are  presented.  After  the 
first  cycle  of  heating-cooling  the  mass  changing  of  the 
sample  is  insignificant  (0.1%).  After  the  second  heating¬ 
cooling  cycle  mass  of  the  samples  doesn't  practically 
change.  Comparison  of  obtained  by  us  experimental 
results  on  thermogravitometry  of  the  HTSC  ceramics 
Bii.8Pbo2Sr2Ca1Cu208  samples  sintered  under  high 
pressure  conditions  (5GPa)  with  The  literary  data  for 
common  porous  ceramics,  for  example,  yttrium  HTSC 
ceramics  obtained  by  standard  solid  phase  synthesis 
technology,  gives  the  possibility  to  make  following 
conclusions: 

a)  the  general  changing  of  mass  is  lower  on  one  order  of 
value  for  the  HTSC  ceramics  Bii  sPbo.2Sr2CaiCu208 
samples  obtained  by  sintering  under  high  pressure 
conditions; 

b)  the  cycling  stabilizes  the  change  of  mass  for  the 
samples  obtained  by  sintering  under  high  pressure 
conditions  in  heating-cooling  regime; 

c)  the  single-step  change  of  mass  takes  place  at  heating 
for  the  HTSC  ceramics  samples  obtained  under  high 
pressure  conditions.  Thus,  the  experimental 
thermogravimetric  results  for  HTSC  ceramics 
B i  1 8Pb0  2Sr2Cai Cu2Os  samples  obtained  under  high 
pressure  conditions  point  at  thermal  stability  of  such 
samples  till  1050  K  and  more  stable  connection  of 
oxygen  atoms  in  volume  in  comparison  with  common 
porous  HTSC  ceramics  obtained  by  sintering  under  the 
standard  solid  phase  synthesis  technology.  The  low  Hci 
and  upper  critical  magnetic  fields,  jc  and  j8c  were 


determined  from  the  dependences  M(H).  The  value  HC], 
was  determing  at  4,2  K  upon  the  beginning  of  the 
deflection  of  the  dependence  M(H)  from  linear 
dependence  considering  the  magnetization  factor.  The 
value  Hc2  was  determing  the  dependence  M  (H)  at  4,2  K 
by  extrapolation  of  the  dependence  M  (In  H)  till 
intersection  with  the  axis  "X".  It  is  turned  out  that  Hci= 
420  e  and  Hc2=  180000  e.  The  critical  current  density 
data  are  presented  in  the  Table. 

Table  Meanings  of  critical  transport  current  density 
of  the  samples  jc  and  critical  current  density  of 
granules  j  8  at  4.2  K  for  HTSC  ceramics 
Bii.8Pbo.2Sr2CaiCu208  obtained  by  sintering  under 
high  pressure  conditions  in  the  different  magnetic 


fields  H 


H,T 

0 

1 

2 

3 

4 

5 

6 

7 

jc103A/cm^ 

25 

14,3 

10,8 

7,9 

6,5 

5,7 

4,8 

4,1 

j8  106A/cm2 

7 

4 

3,03 

2,2 

1,8 

1,6 

1,35 

1,17 

It  is  seen  that  in  the  HTSC  ceramics  obtained  under  high 
pressure  conditions  the  critical  transport  current  density 
jc  depends  weakly  from  the  value  of  the  magnetic  field 
intensity  H.  As  it  is  known,  in  mass  porous  HTSC 
ceramics  obtained  by  the  standard  solid  phase  synthesis 
technology,  the  value  jc  decreases  catastrophically  under 
the  influence  of  outer  magnetic  field,  that  is  an  obstacle 
for  wide  practical  application  of  porous  HTSC  ceramics. 
From  the  analysis  of  the  dependences  M(H)  in  the  range 
of  H=  500  e  it  is  turned  out  that  at  79  K  in  H=0  jc 
=70A/cm2  and  j  8C  =  2*104A/cm2.  It  is  the  fact  that 
critical  transport  current  density  at  79  K  in 
Bii.8Pbo.2Sr2CaiCu208  samples  obtained  under  high 
pressure  conditions,  is  approximately  equal  to 
102A/cm2,  makes  such  material  to  be  ineffective  for 
applying  in  special  assignement  devices  at  the 
temperatures  of  liquid  nitrogen. 

Conclusion 

On  the  basis  of  performed  investigation 
(thermogravimetry  and  magnetization)  of  mass  HTSC 
ceramics  Bi^Pba^CaiO^Os  samples  it  is-possible  to 
make  following  conclusion:  the  thermally  stable  mass 
ceramics  with  critical  transport  current  density  jc  10 
A/cm2  at  79  K  was  obtained  by  sintering  under  high 
pressure  conditions  (up  to  5GPa);  it  makes  possible  to 
apply  such  ceramics  in  special  assignement  devices. 
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WETTING  OF  THE  HTcSC  -CERAMICS  SURFACE  BY  COPPER  UNDER 

HIGH  PRESSURE 

Shevchenko  A.D. 

Kurdyumov  Institute  for  Metal  Physics,  N.A.S.  of  the  Ukraine,  Kyiv,  Ukraine 


Abstract 

Technology  of  wetting  the  metallo-oxide  HTcSC- 
ceramics  surface  by  copper  under  high  pressure  (up  to  5 
GPa)  has  been  developed  with  the  held  of  high  pressure 
techniques.  The  high  pressure  is  produced  by  the 
hydraulic  press  of  2000  tons  stress  and  high  pressure 
solid-phase  chambers  of  "toroid"  type.  The  copper  layer 
on  the  surface  of  metallo-oxide  HTcSC  -ceramics  is 
formed  as  a  result  of  copper  reducing  reaction  from 
copper  oxide  in  the  presence  of  carbon. 

Introduction 

The  problem  of  metallo-oxide  HTcSC-ceramics  surface 
metallization  is  an  actual  task  of  HTcSC  physics  and 
techniques  and,  in  particular,  physics  of  surface  of 
HTcSC  materials,  Solution  of  this  task  gives  possibility 
to  obtain,  for  example,  ohmic  electric  contacts  on  the 
boundary  metal-HTcSC  ceramics  and,  therefore,  to 
perform  successfully  fundamental  experimental 
investigations  of  kinetic  and  galvanometric  properties  of 
the  HTcSC  samples  for  determination  critical 
parameters  of  investigated  metal-oxide  HTcSC 
ceramics.  In  so  doing  it  is  necessary  that  metallization  of 
HTcSC  ceramics  surface  won’t  lead  to  destruction  of 
internal  structural  bonds  and  as  a  results  of  this  -  to  the 
loss  of  high-temperature  superconductivity.  In  the 
previous  scientific  works  the  author  has  shown  that  use 
of  high-pressure  techniques  (hydraulic  press  of  2000 
tons  stress,  high  pressure  solid  phase  chambers  of 
"toroid"  and  "lens"  types  and  special  instrumentation  for 
sintering  of  HTcSC -ceramics  under'  pressure)  gives 
possibility  to  obtain  thermo-stable  HTcSC  ceramics  by 
sintering  under  high  pressure  (up  to  10  GPa)  conditions 
suitable  for  practical  application  at  the  liquid  nitrogen 
temperatures.  The  present  paper  contains  the  results  of 
technology  invented  by  author  for  wetting  of  the  HTcSC- 
ceramics  surface  by  copper  under  high  pressure  with  an 
aim  to  obtain  ohmic  electric  contacts  on  the  boundaty 
metal  -  HTcSC-ceramics  and,  therefore,  to  determine  the 
boundaries  of  practical  applying  HTcSC  as  a  constructive 
elements,  which  in  real  conditions  of  exploitation  are 
under  thermomechanical  loads.  Up  to  the  present  time 
there  are  no,  however,  the  works  dealing  with  studying  the 
wetting  of  the  HTSC-ceramics  surface  by  copper  under 
high  pressure.  Therefore  the  investigation  of  this 
problem  is  clean  with  point  of  view  of  scientific 
importance. 


Results  and  Discussion 

To  wet  by  copper  the  surface  of  metal-oxide  HTcSC- 
ceramics  under  high  pressure  conditions,  the  copper 
oxide  is  deposited  on  the  surface  of  ceramics  and  heat 
under  pressure  0,1-10  GPa  in  the  presence  of  oxygen  to 
900-1 300°C,  Heating  under  pressure  is  performed  in  a 
protective  shell  of  high-melting  metals  one  can  use,  for 
example,  tungsten  or  molybdenum  which  do  not  interact 
with  elements  of  ceramics,  and  as  a  source  of  carbon- 
graphite.  In  a  given  case  pressure  was  created  by 
hydraulic  press  of  2000  tons  stress  and  high  pressure 
solid  phase  chambers  of  "toroid"  type.  An  electric 
contact  in  the  form  of  a  thin  layer  of  copper  on  the 
surface  of  metal-oxide  HTcSC-ceramics  is  formed  due  to 
reducing  reaction  of  copper  from  the  copper  oxide  in  the 
presence  of  carbon.  Because  of  high  temperature 
reduced  copper  in  the  form  of  melt  is  distributed  along 
the  HTcSC-ceramics  surface.  As  far  as  HTcSC-ceramics 
contains  copper  oxide,  it  part,  being  in  the  surface  layer, 
also  reduces  that  assists  good  wetting  the  surface  of 
metal-oxide  HTcSC-ceramics  by  copper  and,  therefore,  - 
strong  coupling  of  them  at  wetting.  Presence  of  the  shell 
made  of  high-melting  metal  in  combination  with  high 
pressure  excludes  the  loss  of  oxygen  and  prevents 
disarrangement  of  inner  structural  bonds  in  HTcSC 
ceramics  at  heating  under  pressure.  The  shell  also 
protects  HTcSC-ceramics  from  penetration  of  carbon 
into  ceramic  bulk  and  prevents  partial  reduction  of 
metals  from  oxides.  Moreover,  oxygen  loss  in  the 
volume  of  HTcSC-ceramics  also  takes  place  under 
pressure  below  0,1  GPa  as  a  result  of  bad  airtightness  of 
the  high  pressure  chambers.  Both  pxygen  loss  in  the 
volume  of  HTcSC-ceramics  due  to  penetration  of  carbon 
into  ceramics  mass  and  breakdown  of  airtightness  of 
high  pressure  chambers  lead  to  loss  of  high-temperature 
superconductivity.  Application  of  pressure  higher  than 
10  GPa,  as  is  known,  is  limited  by  technical  capabilities 
of  used  high  pressure  devices.  High  pressure  solid  phase 
devices  provide  uniform  pressing  of  the  shell  and  protect 
its  content  from  undesirable  contact  with  environment 
during  heating  under  pressure.  Heating  below  900°C 
doesn’t  provide  melting  of  reduced  copper,  heating 
higher  than  1 300°C  -  isn’t  technically  advisable, 

In  Figure  1  the  scheme  of  the  high  pressure  chamber 
equipment  for  wetting  the  surface  of  metal-oxide 
HTcSC-ceramics  by  copper  under  high  pressure 
conditions  is  presented.  The  high  pressure  chamber 
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contains  two  anvils  1  with  container  2  made  of 
pyrchophilite  or  catlinite  in  their  pockets.  HTcSC- 
ceramics  5  is  placed  in  protective  shell  of  high-melting 
metal  consisting  of  cylindrical  part  4  and  two  discs  5 
with  apertures  6.  The  pellets  7,  made  of  copper  oxide, 
are  placed  outside  of  discs  5  and  through  the  apertures  6 
in  the  discs  contact  with  the  faces  of  HTcSC-ceramics 
samples  3.  Outside  of  the  pellets  7  the  graphite  discs  8 
are  installed. 

Wetting  the  surface  of  metal-oxide  HTcSC-ceramics  by 
copper  under  high  pressure  conditions  is  realized  by  the 
following  way,  The  anvils  are  brought  together  with  the 
help  of  the  hydraulic  press  of  2000  tons  stress  (it  isn’t 
shown  in  Fig.  1). 


Fig.  1 .  Scheme  of  equipment  of  high  pressure  chamber 
for  wetting  the  surface  of  HTcSC  ceramics  by  copper 
under  high  pressure  conditions:  1  —  anvils;  2  — container 
made  of  pyrchophilite  or  catlinite;  3  -  HTcSC  ceramics 
sample;  4  -  rotective  shell  made  of  high-melting  metal 
in  the  form  of  cylinders-protective  shell  made  of  high- 
melting  metal  in  the  form  of  disc;  6-aperture  in  the  disc; 
7  -copper  oxide  pellet;  8  -  graphite  disk. 

In  this  case  deformation  of  material  of  the  container  2, 
which  transfers  pressure  through  high-melting  shell  4 
and  5  on  the  HTcSC-ceramics  sample  3,  takes  place.  On 
attainment  required  pressure  heating  is  turned  on. 
Heating  is  realized  by  gating  of  electric  current  along  the 
curcuit:  anvil  1  -  graphite  disc  8  -  shell  of  high-melting 
metal  4,  5  -  graphite  disc  8  -  anvil  1.  On  attainment 
required  temperature  due  to  contact  of  copper  oxide 
pellet  7  and  graphite  disk  8  the  reducing  reaction  of 
copper  takes  place.  Through  the  aperture  6  in  the  disc 
5melt  copper  falls  on  the  face  surface  of  HTcSC  sample 
3  and  is  distributed  upon  it  in  a  thin  layer.  After  finish  of 
reducing  reaction,  electric  heating  is  stopped  and 
pressure  is  taken  off.  After  cooling  the  HTcSC-ceramics 
sample  with  face  surfaces  metallized  by  copper  is 
derived,  For  wetting  the  face  surface  of  HTcSC-ceramics 
by  copper  under  high  pressure  c  conditions  either  ready 
preliminaiy  sintered  HT.  SC  ceramics  c  sample  should  be 
placed  into  the  shell  4, 5  or  HTcSC-ceramics  o  in  the  form 
of  powders,  which  are  sintered  under  action  of  high 
pressure  and  temperature  into  the  sample  of  required  form, 
whose  face  surfaces  are  simultaneously  metallized  by 
copper,  As  a  source  of  carbon  one  can  use  not  only 
graphite  disc  8  out  thin  layer  of  graphite  deposited,  for 


example,  by  detonation  deposition  on  copper  oxide 
pellet  7.  Below  some  concrete  examples  of  realization  of 
wetting  method  the  surface  of  HTcSC-ceramics  by 
copper  under  high  pressure  conditions  are.  Pressure  was 
achieved  with  the  help  of  hydraulic  press  of  2000  tons 
stress.  The  high  pressure  chamber  of  "toroid"  type  was 
used,  Into  tungsten  shell  4,5  the  preliminary  obtained 
HTcSC-ceramics  YBa2Cu307^  sample  was  placed. 
Outside  of  the  shell  of  copper  oxide  the  pellets  1 1  mm  in 
diameter,  1  mm  thickness  and  graphite  discs  1 1  mm  in 
diameter,  1  mm  thickness  were  placed.  The  diameter  of 
aperture  in  disc  5  was  3  mm,  Container  was  produced  of 
catlinite.  Pressure  of  5  GPa  was  created  in  the  chamber 
and  then  heating  to  1300°C  was  promoted,  Under  these 
conditions  exposure  60  sec  was  made,  then  heating  was 
stopped  and  pressure  was  removed.  After  cooling  the 
HTcSC-ceramics  YBa2Cu307-5  sample  with  layer  of 
copper  0,4  mm  in  thickness  on  it  faces  was  derived, 
Copper  layer  was  used  as  electric  contacts  to  bind  them 
with  copper  wire  with  the  help  of  light-melting  solder, 
Measurements  have  shown  that  obtained  contacts  are 
ohmic  ones  and  HTcSC-ceramics  sample  with  wetted  by 
copper  faces  preserved  superconducting  properties  at  a 
liquid  nitrogen  temperature.  An  another  series  of 
experiments  HTcSC-ceramics  YBa^CihOy^  in  the  form  of 
powder  has  been  used,  The  scheme  of  equipment  was  the 
same  as  in  the  first  series  of  experiments,  Molybdenum 
was  used  as  a  material  for  the  shell.  Under  pressure  5  GPa 
and  temperature  1300°C  the  sintered  HTcSC-ceramics 
sample  with  metallized  by  copper  faces  has  been  obtained. 
The  sample  possessed  superconductivity  at  a  liquid 
nitrogen  temperature  and  had  ohmic  contacts.  Checking 
by  thermocycling  has  shown  that  the  contacts  were  not 
"aged"  under  thermocycling. 

Conclusions 

The  method  of  wetting  the  surface  of  metal-oxide  HTcSC 
c  ceramics  by  copper  under  high  pressure  conditions  up  to 
10  GPa  has  described,  Its  realization  has  a  great  scientific 
and  practical  significance  as  it  gives  possibility  to  obtaine 
long-dimensional  conductors  from  HTcSC-ceramics 
samples  with  c  metallized  by  copper  faces  useful  for 
practical  application  at  a  liquid  nitrogen  temperatures  in 
the  special  assignment  devices. 
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Introduction 

The  purpose  of  given  work  is  to  obtain  under  high 
pressure  conditions  using  specialized  technology'  the 
material  with  thermoelastic  martensite,  material  that 
would  provide  high  level  of  deformation  accumulation 
Eh,  in  the  martensite  transformation  process  and, 
therefore,  the  increase  of  Q‘ .  It  may  be  realized,  for 
example,  if  to  create  necessary  quantity  of  closed  pores 
in  the  material  bulk  with  thermoelastic  martensite. 
Necessary  quantity  of  closed  pores,  which  would 
realieze  displacement  of  phase  boundaries  increasing 
mobility  of  boundaries  of  martensite  microdomains 
that  would  lead  to  effective  relaxation  of  external 
strains,  growth  of  Eh  and  amplification  of  Q!  in  this 
case  it  is  necessaiy  for  "closed"  porosity  in  the 
material  with  thermoelastic  martensite  to  be  such  in 
magnitude  that  Q1  amplification  mechanism  would 
work  and  simultaneously  structural  material  would 
possess  necessary  mechanical  strength.  One  may 
expect  that  mechanism  giving  rise  to  the  growth  of  En 
and  Q  in  the  material  with  thermoelastic  martensite 
will  also  lead  to  strengthening  of  the  material  itself  in 
the  thermoelastic  martensite  state  as  a  result  of 
manifistation  of  the  plasticity  effect  at  martensite 
transformation  in  the  field  of  external  strains. 
Experimental 

To  create  high  pressure,  solid-phase  high  pressure 
chambers  ("toroid"  and  "lens"-types)  and  a 
hydraulic  press  of  2000  tons  stress  were  used. 
Physical-mechanical  characteristics  of  "avibrite"  in 
comparison  with  those,  studied  by  the  author,  of 
cast  alloy  with  composition  analogous  to  that  of 
new  material  are  listed  in  this  work.  Complex  of 
"avibrite"  physical  and  mechanical  characteristics, 
and  efficiency  of  cutting  and  drill  tool,  equiped  by 
vibration-damping  elements  made  of  new  material, 
at  permanent,  impact  and  impact-rotation  load  on 
the  tool  has  been  investigated.  The  microhardness 
magnitude  Hb  was  measured  by  the  Vickers 
method  at  load  on  indentor  50  g.  Compressive  strength 
limit  value  ac  was  determined  by-compression  of 
cylindric  samples  with  plane-parallel  polished  ends 
between  hard-alloyed  bearing  on  the  static  test  machine 
"P-5".  Investigation  of  damping  ability  Q'  was 
performed  over  ultrasound  damping  in  the  frequency 
range  of  40  +  1 500  kHz  on  the  samples  of  "avibrite" 
and  ones  of  analogous  composition  cast  alloy  using  the 
resonance  method  based  on  measuring  of  the 
resonance  curve  with  on  the  level  is  a 

resonance  maximal  amplitude).  Structure 
investigations  of  obtained  composite  material 
"avibrite"  were  performed  with  X-ray  diffractometer 


"DRON-2"  Composition  of  obtained  material  was 
determined  with  the  help  of  X-ray  fluorescent 
spectrometer  VRA20  and  VRA30  of  the  "Karl  Zeiss 
Ienna",  Germany  and  English  electron  scanning 
microscope  with  electron  probe  of  the  "Camscan" 
firm.  The  value  Eh  m  the  alloy  was  determined  by  the 
formula  Eh=c/2r=c/l+  a2/41  (c  is  thickness  of  the 
sample,  r  is  a  bending  radius,  a  is  the  distance 
between  quarts  bearings,  I  is  a  sag)  from 
investigations  of  the  shape  memory  effect  (SME)  by 
the  three-point  bending  method  of  rectangular 
samples  with  concentrated  load.  Investigation  of 
SME  according  to  this  method  was  realized  by 
measurement  of  the  temperature  dependences  of  the 
sag  1(T)  formed  by  bending  deformation  of 
rectangular  "avibrite"  plates  and  ones  of  analogous 
composition  alloy.  The  composite  material 
microstructure  was  investigated  with  "Camscan"  and 
optic  microscope  "Neophot-2",  Germany. 

Results  and  discussion 

It  is  determined  that  at  T<323  K  obtained 
composite  material  "avibrite"  is  characterized  by 
availability  of  pores  placed  along  the  boundaries 
of  microdo  -  mains  having  martensite  structure.  It  is 
known  that  SME  is  related  to  inelastic  properties  of 
materials,  it  is  an  effect  of  phase  thermoelastic 
equilibria  and  occurs  at  martensite  transfor-mation.  It 
is  also  known  that  the  martensite  transformation  is 
accompanied  by  big  shift  deformations  (effect  of 
transformation  plasticity  —  decrease  of  resistance 
to  shift  deformation)  leading,  in  its  turn,  to 
accumulation  of  deformation  in  the  martensite 
transformation  process  in  the  field  of  external 
strains,  realizing  by  the  way  of  displacement  of 
interphase  boundaries  of  microdomains  with 
followed  directed  orientation  of  domains  under 
effect  of  external  load;  in  this  case,  such 
displacement  realizes  relaxation  of  external  strains 
and  thereby  motivates  damping  ability  Q 1 
characteristic  for  a  given  material  with 
thermoelastic  martensite.  As  a  rule,  good  damping 
materials  have  Q1  —  10 3  —  104.  It  has  been  turned 
out  that  in  "avibrite"  Eh  =  4,5%  and  it  exceeds  Eh 
for  the  analogous  composition  alloy  approximately 
in  17  times,  in  this  case  reversible  deformation  Er 
=  3,0  %  for  "avibrite",  and  SME  is  characterized 
by  incomplete  return  of  accumulated  deformation  — 
remanent  deformati  on  Erem  =  1,5%.  Investigation 
of  Q  in  "avibrite"  and  in  alloy  showed  that  in  the 
alloy  Q‘  =  0,005,  and  it  is  impossible  to  measure 
ultrasound  damping  in  "avibrite"  because  offtill 
absorption  of  ultrasonic  oscillations  in  it,  i.  e. 
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"avibrite"  is  characterized  by  raised  Q1  ■  Investiga¬ 
tion  of  mechanical  properties  of  a  given  composite 
material  and  analogous  composition  alloy  showed 
that  in  "avibrite"  ac  =2300  MPa  and  exceed  <7c  of 
the  alloy  in  1,7  times  under  compression  of  the 
samples  made  of  a  new  material  in  response  to  the 
external,  raising  in  time  load  the  displacement  of 
martensite  phase  of  the  latter  (at  the  room 
temperature  "avibrite"  is  already  in  the  state  with 
thermoelastic  martensite)  and  following  direct 
disposition  of  domains  in  the  field  of  external  strains, 
at  which  the  process  of  accumulation  of  deformation 
proceeds,  take  place.  The  result  as  to  ctc  correlates 
with  the  data  on  microhardness  Hb,  also  resulting  in 
that  Hb,  in  "avibrite"  exceeds  Ht,  of  analogous 
composition  alloy  in  1,8  times.  It  is  determined  that 
for  Hb=4,8  GPa.  Influence  of  "avibrite"  vibration¬ 
damping  elements  on  capacity  of  work  of  cutting  tool 
made  from  polycrystalline  super-hard  material  on  the 
base  of  the  boron  cubic  nitride  from  and  other 
superhard  materials,  developed  at  the  Institute  of 
Superhard  Materials,  Academy  of  Sciences  of 
Ukraine,  under  dynamical  loads  on  tool,  arising  while 
processing  heatproof  steels,  has  been  studied.  The 
tests  has  proved  that  "avibrite"  dampts  effectively 
vibrations  arising  under  dynamical  load  on  cutting 
instrument  and  increases  wear  resistance  of  the  tool  in 
1, 8-3,0  times.  It  has  been  determined  that  application 
of  a  new  material  while  core  drilling  of  the  boreholes 
also  increases  wear  resistance  of  the  diamond  drill 
bits  and  reduces  the  consumption  of  diamonds  by 
59%.  The  properties  of  "avibrite"  to  reduce 
dynamical  loads  on  tool  in  the  process  of  cutting  were 
investigated  and  were  compared  with  analogous 
characteristics  of  hard  alloy  BK8.  "Avibrite"  and 
alloy  BK8  were  used  as  backing  plates  at  attaching  in 
a  jack  of  a  holder  of  cutting  element  made  of 
superhard  materials.  Comparative  tests  were 
performed  under  following  conditions,  equal  to 
"avibrite"  and  BK8.  Cylindric  blank  70  mm  in 
diameter  of  steel  9XC  with  hardness  60HRC  was 
machined  on  screw-cutting  lathe  with  numerical- 
program  control  (NPC),  model  16K2003CI.  To  imitate 
impact  loads,  six  grooves  were  done  on  a  blank  along 
the  generating  line.  Cutting  rate  was  1,  8  m/sec.  Thus, 
the  impact  cycles  repeated  every  0,02  sec.  Turning  was 
performed  with  longitudinal  feed  0,1  mm/rot.,  depth  of 
cut  0,2  mm  without  lubricating-cooled  liquids.  Kiborite 
was  used  as  instrumental  material;  round  cutting  plate 
made  of  it  was  mechanically  fixed  in  the  groove  of  a 
holder,  forming  front  and  back  angles  y  =-10°  and  a 
=10°  without  face  on  cutting  edge.  Cutting  instrument 
was  isolated  above  and  below  from  the  clamp  and 
bearing  surface  of  a  holder  by  intermediate  plates  of 
"avibrite  and  alloy  BK8.  In  the  process  of  cutting  the 
force  components  Px,  Py  and  Pz  were  measured  with 
the  help  of  universal  dynamometer,  model  YDM-100. 
The  dynamometer  was  connected  with  the  computer 
ECM  CM-4  that  asked  the  data  unit  with  the 
frequency  104  imp./sec.  Obtained  information  was 


entered  into  computer  operating  memory  and  then 
was  reproduced  on  the  graphic  plotter.  In  Figure  I 
diagrams  of  change  of  the  main  cutting  force 
component  Pz  on  cutting  time  after  3  second  of  contact 
of  cutting  instrument  with  the  blank  are  presented.  In 
the  first  case  (see  Fig.  1,  a)  hard  alloy  of  BK8  was  used 
as  bearing  bearing  blanks,  in  the  second  one  - 
"avibrite"  (see  Fig.  1,  b). 


Fig.  1.  Dependence  of  cutting  force  on  time  using  the  alloy 
BK8  (a)  and  "avibrite"  (b)  as  a  pad  for  the  instrument. 

The  cycles  of  duration  0,02  sec.  are  well  seen.  At  the 
moment  of  unloading,  when  the  instrument  falls  in  a 
groove  on  the  blank,  the  curve  is  sharply  descended, 
however,  at  the  expense  of  elastic  elements  of  the 
dynamometer  vibration  of  instrument  takes  place, 
having  pyramidal  form  both  for  BK8  and  "avibrite" 
that  points  at  equal  test  conditions.  While  contact  of 
kiborite  instrument  with  following  part  of  blank,  the 
cutting  force  is  reply  grown  it  is  stabilized  with  the 
time  and  goes  out  a  nominal  regime,  characterizing  for 
every  test  by  mean  load  1 50  H  (H  is  Newton).  New 
cycle  begins  with  unloading.  Comparative  analysis  of 
dependences  in  Figure  1  shows  that  cutting  process  is 
characterized  by  smaller  intensity  when  using 
"avibrite"  as  a  bearing  plate.  One  can  judge  about  this 
by  the  height  of  splashes  at  the  moment  of  impact  and 
also  after  unloading.  For  the  new  material  the  height 
of  splashes  doesn't  exceed  mean  level  of  1 50  H,  while 
for  BK8  the  splashes  achieve  200  H  and  more  that 
exceeds  by  40%  splashes  when  "avibrite"  is  used. 
Analogous  character  of  dependences  was  observed  for 
axial  Px  and  longitudinal  Py  cutting  force  components, 
up  to  12  sec.  Thus,  "avibrite"  at  compared  to  BK8, 
possesses  better  ability  to  damp  vibrations  in  the 
process  of  cutting  under  impact  load  on  instrument  and 
may  be  recommended  for  use  as  backings  in  collecting 
instrument  and  for  armoring  of  clamp  pressure  surface, 
too. 

Conclusions 

A  new  composite  material  with  higher  damping 
ability  has  been  created  with  the  use  of  specialized 
technology.  Application  of  vibration-damping 
elements  made  of  new  composite  material  in  the 
cutting  and  drilling  tools  proved  the  effective 
damping  of  the  vibrations  arising  under  permanent 
loads,  impact  and  impact-rotations  ones,  resulting 
in  considerable  increase  of  wear  resistance  of 
cutting  tools  and  diamond  drill  bits. 
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Development  of  materials  with  predetermined 
properties  makes  it  necessary  to  establish 
relationships  between  the  strength,  hydraulic 
resistance  and  geometries  of  the  structure  and 
factors  determining  its  formation. 

Mechanical  properties  of  porous  metals  are 
dependent  on  mechanical  properties  of  the 
particles,  fibers,  wire  material,  their  dimensions; 
material  porosity;  number  and  dimensions  of  post¬ 
sintering  interparticle  contacts,  sintering  process. 
An  increase  of  mechanical  properties  is 
contributed  by  an  increase  of  strength  of  the 
particles,  fibers,  wire  material,  decrease  of 
porosity,  increase  of  a  number,  dimensions  and 
quality  of  interparticle  contacts.  For  the  evaluation 
of  mechanical  properties  of  porous  materials 
conventional  characteristics  are  used,  i.e.  ultimate 
strength,  compression  and  shear  strength, 
elongation,  impact  elasticity,  etc. 

Porous  mesh  materials  (PMM)  have  the  best 
mechanical  and  hydraulic  properties  among  other 
porous  materials  [1,2].  PMMs  are  used  to 
manufacture  filters,  thermal  protection  systems, 
and  various-purpose  heat  exchangers.  They  have  a 
well-defined  anisotropy  of  the  structural, 
hydraulic,  thermal  and  mechanical  properties  (aBX 
*■  a„y  *  aBZ),  as  an  initial  material  for  PMM  is  a 
mesh,  that  itself  is  an  anisotropic  material  [3]. 

In  PMM  production  wire  gauze  meshes  are  most 
widely  used,  namely  filter  meshes  GOST  3 1 87-76 
and  meshes  with  a  square  cell  GOST  6613-73. 
Filter  meshes  have  a  regular  and  controlled 
structure.  Anisotropy  of  PMM  is  made  more 
evident  in  PMM  made  of  filter  meshes  [2,4]. 

Presently  PMM  are  manufactured  by  using  two 
processes,  i.e.  1)  by  a  hot  rolling  of  a  pack  of 
meshes  in  vacuum;  2)  by  a  diffusion  welding  of 
metallic  meshes  in  vacuum  (Fig.  1).  Strength 
characteristics  of  PMM  produced  by  these 
processes  are  different. 


Diffusion-Vacuum  Welding  of  Mesh 
(PMMJ 


pj 

Rolling  of  Mesh  Pack 


Fig.  1.  PMM  Production  Techniques 

The  technique  of  producing  porous  sheets  by  hot 
rolling  developed  at  N.  Bauman  MSTU  is  well 
known  [1].  However,  when  producing  cylindrical, 
conical  shells  of  a  thick  sheet  we  do  not  succeed 
in  keeping  repeatability  of  structural,  and 
consequently  hydraulic  properties,  that 
significantly  limits  the  area  of  their  application 
[5],  Concurrently  the  results  of  activities  on 
manufacturing  complicated  axisymmetric  porous 
welded  joints  showed  that  these  problems  can  be 
resolved  by  using  diffusion-vacuum  welding  of 
filter  meshes. 

A  diffusion-vacuum  technique  for  manufacturing 
porous  axisymmetric  elements  of  metallic  meshes 
has  been  developed  at  M.  Keldysh  research  center 
with  the  participation  of  N.  Bauman  MSTU 
personnel.  In  manufacture  of  complicated 
axisymmetric  porous  elements  of  the  Laval  nozzel 
type  based  on  this  technique  the  mesh  structure 
and  PMM  are  not  impaired  during  all  production 
phases. 

The  strength  of  the  intermesh  joint  is  determined 
by  a  relative  strength  of  the  welding  joint  <j>  (0  <  <f> 
^  1).  The  quality  of  the  intermesh  welding  is 
improved  through  an  increase  of  the  contact  time 
of  the  mesh  wires  in  diffusion  welding.  A  relative 
strength  of  the  welded  joint  is  <{>  *  1 . 

The  joint  strength  is  dependent  on  the  diffusion 
processes  passing  in  time.  If  the  exposure  time 
and  pressure  are  low  and  insufficient  for  complete 
relaxation  of  stresses  in  a  contact,  a  break  of 
established  joints  is  not  excluded,  that  is  caused 
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by  a  known  effect  of  elastic  aftereffect  [6].  In  this 
context  low  values  of  g„  and  <j)  for  PMM  produced 
by  rolling  a  mesh  pack  can  be  explained  [7].  In 
fact,  at  a  rolling  rate  of  (0.1 5. ..0.5)  m/s  the  time  of 
a  single  contact  exposed  to  the  deformation  factor 
is  (0.6. ..2)  •  10'3  s  (the  contact  length  is  taken  0.5 
of  a  wire  diameter  of  a  weft  of  mesh  1160).  This 
time  is  not  sufficient  for  diffusion  processes  to  go. 
Therefore,  for  PMM  produced  by  mesh  rolling,  <J> 
=  0.25. ..0.35.  PMM  produced  by  a  diffusion 
welding  of  meshes  in  vacuum  have  <j>  »  1  due  to  a 
lengthy  contact  of  wires  in  welding  (5... 10 
minutes). 

In  diffusion-vacuum  welding  of  metallic  gauze 
wire  filter  meshes  of  a  twill  weave  C200  and  at  a 
degree  of  reduction  of  mesh  pack  of  e  >  0.45  a 
very  high  strength  of  PMM  is  achieved.  Such 
meshes  with  a  large  number  of  bases  and  wefts 
are  commended  for  specifically  significant  porous 
articles.  If  8  <  0.45,  the  required  mechanical 
strength  of  PMM  can  be  provided  in  the  course  of 
the  diffusion  welding  in  a  sintering  mode.  In  the 
first  mode  the  pack  is  being  formed  up  to  the 
specified  linear  dimensions  in  a  temperature  range 
sufficient  for  complete  relaxation  of  elastic 
stresses.  In  the  second  mode  the  sintering  in 
vacuum  or  hydrogen  is  taking  place  at  a 
temperature  of  about  0.9  of  the  temperature  of 
melting  for  4...6  hours.  The  heating  source  is  a  RF 
tube  generator  JI3  -  1 07B. 

By  using  a  diffusion-vacuum  technique  one  can 
make  porous  mesh  axisymmetric  billets  of  a  large 
thickness  (height),  which  are.  needed  for 
manufacture  of  porous  heat  exchangers.  The 
external  diameter  of  PMM  is  about  200  mm, 


height  of  PMM  is  300  mm.  PMM  dimensions 
have  no  technological  limitations.  They  depend 
only  on  dimensions  of  the  vacuum  chamber  and 
RF  tube  generator  magneto. 
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A  number  of  boron  nitride  sintered  materials 
have  been  developed  which  have  certain 
advantages  over  hot-pressed  and  pyrolytic 
materials  in  respect  to  manufacturability  and 
achieved  level  of  properties.  A  high-pure 
isotropic  material  with  satisfactory  strength 
has  been  produced  by  reaction  sintering  of 
turbostratic  boron  nitride  powders  with  an 
addition  of  amorphous  boron.  The  material 
has  stable  physical-mechanical  properties 
over  the  temperature  range  of  up  to  2000°C. 
The  boron  nitride  content  in  the  material  is  up 
to  99  wt.%. 

Over  the  investigated  temperature  range  of  up 
to  2000°C,  a  temperature  coefficient  of 
dielectric  permittivity  does  not  exceed  3%. 
Absolute  value  of  dielectric  permittivity  is 
within  the  range  of  2. 8-3.3  depending  on 
ceramic  density.  Dielectric  loss  at  2000°C  is 
less  than  10'2.  Electrical  resistance  of 
reaction-sintered  ceramics  is  1012  -  10 14 
Ohm-in  at  20°C  and  105-107  Ohm-m  at 
1000°C. 

Using  reaction-sintered  boron  nitride  as  a 
porous  inert  matrix  to  provide  impregnation 
with  organosilicon  compounds  followed  by 
pyrolysis,  several  materials  of  the  BN-Si02, 
BN-SiC,  BN-Si3N4-SiC  systems  have  been 
produced  which  have  the  strength  level 
approaching  that  of  pyrolytic  materials  over 
the  testing  temperature  range  of  up  to  1400°C. 


The  BN-Si02  and  BN-SiC  materials  are  high- 
temperature  dielectrics. 

Boron  nitride  falls  within  destructible  thermal 
protection  materials.  When  heated  up  to  a 
destruction  temperature,  boron  nitride 
transfers  the  heat  easily  from  the  heated 
surface  due  to  its  high  thermal  conductivity. 
High  value  of  dissociation  temperature  and 
relatively  high  value  of  thermal  capacity 
assure  high  efficiency  of  boron  nitride  as  a 
thermal  protection  material. 

At  a  temperature  of  around  3000°C  boron 
nitride  sublimates  with  a  considerable 
endothermic  effect.  Under  sublimation 
conditions  its  thermal  protection  ability  is  the 
most  efficient.  At  the  same  time  boron  nitride 
oxidation  is  accompanied  by  exothermal 
effect  which  somewhat  impairs  the  thermal 
balance  on  the  surface  of  an  article  operating 
in  the  oxidizing  flow. 

All  over  the  investigated  temperature  range 
(above  3000°C)  at  high  powers  of  a  plasma 
flow  as  well  as  when  tested  using  a  powerful 
laser  plant,  reaction-sintered  boron  nitride 
shows  high  resistance.  It  has  superior  thermal- 
erosion  characteristics  to  those  of  all  known 
kinds  of  thermal  protection  materials. 


257 


SECTION  D. 

SIgyCTUREANDPROPERTIES  OF  MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


ELECTROSPARK  ALLOYING  BY  SHS-ELECTRODES 

Stolin  A.M..  Stelmakh  L.S.*1* 

Institute  of  Structural  Macrokinetics  and  Materials  Science,  Russian  Academy  of  Sciences, 
Chemogolovka,  Moscow  region,  142432,  Russia 
( ^Institute  of  Problems  of  Chemical  Physics  Russian  Academy  of  Sciences 

e-mail:  amstolin@ism.ac.ru 


The  various  aspects  of  development  of  SHS- 
extrusion  for  producing  long-measuring  products 
from  powders  of  refractory  materials  are 
considered,  in  which  the  processes  of  combustion 
and  shift  deformation  are  combined.  As  against 
known  methods  of  powder  metallurgy  this  method 
requires  less  power  expenses,  the  number  of 
technological  operations  is  considerably  reduced 
(up  to  5),  and  the  time  of  products  producing  is 
reduced  up  to  ten  seconds  (instead  of  hours).  The 
basic  stages  of  SHS-extrusion  and  processes, 
proceeding  at  these  stages  are  considered. 

The  application  of  SHS-extrusion,  most  developed 
on  all  directions,  is  the  producing  of  electrodes  for 
electrospark  alloying  from  wide  scale  of 
hardalloyed  materials  on  a  basis  of  carbides  and 
borides.  These  electrodes  are  multifunctional, 
with  diameter  of  1-2  mm,  length  30-40  mm  and 
they  used  in  installations  for  drawing  wearproof 
coverings  (thickness  10-100  microns)  on  a  metal 
surface  of  details  and  the  tool  for  various  purpose. 
The  electrospark  alloying  method  most  frequently 


is  applied  to  local  treating  of  a  working  surface  in 
places  of  the  greatest  wear.  Thus  the  high  bond 
strength  of  the  marked  material  with  a  ground  is 
achieved,  it  is  absent  heating  details  in  process 
alloying. 

The  data  on  electrodes  producing  from  synthetic 
hard-alloy  tool  materials  (STIM)  are  given,  the 
properties  and  microstructure  of  these  materials, 
including  density,  hardness,  average  size  of  a 
grain  are  investigated.  For  all  these  materials  the 
optimum  modes  electrospark  alloying  are  chosen. 
The  characteristics  of  the  put  coverings  are 
investigated:  thickness,  continuousness, 

microhardness,  corrosion  resistance  and  wear 
resistant.  The  results  of  industrial  tests 
strengthened  of  the  tool  at  the  various  enterprises, 
and  also  comparison  with  wear  resistant  of  the 
tool,  alloyed  by  industrial  firm  alloys  are 
submitted. 

This  work  is  supported  by  the  Russian  Foundation 
for  Basic  Research  (RFBR)  (Grant-  01-03-33014). 
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Tendencies  of  engine  building  in  aerospace 
technology  in  recent  years  confirm  evidence  of 
necessity  of  development  of  relatively  cheap  and 
reliable  material  for  high-temperature  applications 
in  an  oxidative  medium.  Composite  materials 
with  silicon  carbide  matrix  including  C-SiC  and 
Al203-SiC  composites  in  principle  fit  a  lot  of 
designers’  requirements.  Service  life  values 
typical  for  aviation  allow  relying  on  especially 
prospective  using  of  a  composite  material 
consisting  of  AI203  fibers  and  SiC  matrix,  both 
components  of  which  are  resistant  to  oxidative 
medium  at  least  to  1300-1400°C. 

In  this  work  principles  were  investigated  of 
silicon  carbide  matrix  formation  from 
polycarbosilane  by  means  of  a  liquid  phase 
method  developed  in  the  Open  Joint-Stock 
Company  Research,  Development  and  Production 
Corporation  “ KOMPOZIT ”  [1].  Porous 

aluminum  oxide  plates  from  chopped  fibers 
(80%Al2O3  -  20%SiC  by  mass)  manufactured  by 
the  State  Enterprise  “VIAM”  and  carbon-carbon 
composite  material  of  the  type  Grauris  were  used 
as  porous  preforms. 

As  a  result  of  thermodynamic  calculation  of 
changes  in  content  of  components  in  Al203-SiC 
composite  material  vs.  temperature  it  was 
revealed  that  aluminum  oxide  and  silicon  carbide 
are  stable  up  to  1600°C.  At  higher  temperatures, 
interaction  of  oxide  and  carbide  occurs  with 
formation  of  volatile  oxides  of  aluminum  (A120), 
carbon  (CO)  and  silicon  (SiO). 

It  was  ascertained  that  as  a  result  of  6  cycles 
including  densification  of  porous  preforms  with 
50%  solution  of  polycarbosilane  and  subsequent 
carbonization  in  carbon  backfilling,  density  of 
Al203-SiC  composite  material  obligate  grows, 
porosity  decreases  approximately  by  five  times, 


and  strength  increases  by  an  order  of  magnitude. 
At  this,  not  decrement  but  increment  of  mass  of 
samples  is  observed  after  each  carbonization.  This 
phenomenon  is  connected  with  thermal 
destruction  peculiarities  of  polycarbosilane. 
During  carbonization  in  the  temperature  interval 
from  the  room  temperature  to  four  hundred 
degrees,  partial  oxidation  of  the  polymer  occurs 
due  to  the  air  remaining  in  pores,  and  this  entails 
mass  increment  by  7-12%  . 

Microstructural  and  diffractometer  analysis 
reflect  changes  of  composition  and  structure  of  a 
composite  during  its  formation.  In  a  densified  and 
carbonized  sample,  amorphous  polymer  coats 
fibers  with  continuous  film  and  fills  pores. 
Together  with  absence  of  SiC  peaks,  a-Al203 
peaks  disappear  in  a  difractogram,  and  this  seems 
to  be  caused  by  a  contact  interaction  of  the 
polymer  and  alumina  fibers  with  formation  of 
mullite.  After  thermal  treatment  at  1600°C 
crystalline  silicon  carbide  is  formed. 

Performing  densification  of  a  porous  preform  of 
carbon-carbon  composite  material  (density  LI 
g/cm3)  with  polycarbosilane  results  in  gasification 
of  a  portion  of  the  volume  during  the  high- 
temperature  treatment  due  to  interaction  between 
carbon  and  silicon  dioxide  present  in  matrix. 

To  avoid  gasification  of  components  of  Al203-SiC 
and  C-SiC  composites,  it  is  necessary  to  perform 
carbonization  of  organo-silicon  polymer  and 
thermal  treatment  of  a  composite  material  in  inert 
medium. 

1 .  Bogatchev  E.  A.  Method  of  Obtaining  of  A 
Composite  Material.  Patent  of  the  Russian 
Federation  No2 130509  dated  20.05.1999. 
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By  testing  methods  on  4  dot  bending,  axial 
compression,  the  measuring  of  hardness  and  frac- 
tography  examinations  are  investigated  regulari¬ 
ties,  features  and  mechanisms  of  strain,  strength¬ 
ening  and  fracture  in  an  interval  of  temperatures 
20-1300  °C  of  one  of  representatives  nanolami¬ 
nates  -  titanium-siliceous  carbide  Ti3SiC2,  porous, 
obtained  by  a  solid-phase  reactionary  sintering  [1]. 
The  temperature-deformation  boundaries  of  its  ex¬ 
istence  in  a  plastic  state  set.  The  model  of  course 
of  strain  and  fracture  processes  in  it  is  offered.  The 
obtained  results  are  compared  with  known  for  a 
dense  material  of  same  stochiometric  composition. 

Fractography  examination  of  a  surface  de¬ 
stroyed  samples  with  a  porosity  q=0,28  had  shown, 
that  the  particles  -  grains  of  ternary  compound 
Ti3SiC2  have  the  shape  of  plates  by  thickness  1-2 
microns  and  cross  size  5-10  microns.  These  plates 
are  curved,  ramified,  polythickness,  with  salients 
and  dimples.  During  formation  and  growth  such 
flat  particles,  adjoining  among  themselves  in  dif¬ 
ferent  places,  realize  contacts  of  a  different  degree 
of  strength  -  from  negligible  touch  up  to  mutual 
intergrowth  with  formation  of  bridges-necks.  The 
presence  of  this  structure  element  in  a  porous  tita¬ 
nium-siliceous  carbide  is  its  essential  structural 
feature,  which  defines  features  of  a  plastic  defor¬ 
mation  and  fracture. 

Test  for  a  microplasticity  by  a  bending  of 
samples  with  a  porosity  q=0,42  at  T=20  °C  has 
shown  presence  of  a  plastic  deformation  at  a  level 
e  =3,5*1  O'4,  that  corresponds  to  value  for  a  dense 
material  [2].  A  deforming  by  compression  exe¬ 
cuted  in  vacuum  with  a  strain  rate  &  =10' 3  c'1. 

By  results  of  examinations  the  model  of  a 
plastic  deformation  and  fracture  of  porous  tita¬ 
nium-siliceous  carbide  Ti3SiC2  in  an  interval  of 
temperatures  20-1300  °C  is  offered.  The  model  are 
put  in  its  bottom  the  representations,  developed  by 
M.W.  Barsoum  [3, 4], 

The  model  takes  into  account  features  of  a 
structure  of  a  crystal  lattice  (lamination  in  an  ar¬ 
rangement  of  atoms  of  a  titanium  and  silicon,  and 
also  small  constraint  forces  between  them),  be¬ 
haviour  of  dislocation  structure  (presence  at  a 
loading  at  room  temperature  only  of  edge  disloca¬ 
tions  and  opportunity  of  their  glide  only  in  basis 
slip  planes,  and  also  its  ability  for  crawl  in  adjacent 


planes  at  temperature  above  700  °C  with  the  sub¬ 
sequent  annihilation  in  boundaries  of  the  cells,  that 
had  formed),  features  of  generated  microcracks, 
and  also  morphology  of  grains  -  particles  of  a  po¬ 
rous  material  and  their  interaction  at  a  loading. 

In  connection  with  the  plates  of  a  porous 
material  are  connected  among  themselves  by 
bridges-necks,  stresses  concentrate,  primarily,  in 
these  necks,  and  first  of  all  in  that  of  its,  which 
have  the  least  cross-sectional  area. 

The  plastic  deformation  in  this  material  is 
realized  by  slide  of  edge  dislocations  in  basis 
planes  with  formation  of  flat  bundles  [3,  4],  The 
overcoming  of  resistance  of  a  crystal  lattice  and 
other  hindrances  on  trajectories  of  a  motion  of 
edge  dislocations  under  influence  of  the  thermal 
factor  (so-called  crawl  in  adjacent  slip  planes)  can 
happen  at  temperatures,  which  ensure  a  diffusion 
of  atoms  of  a  crystal  lattice.  As  a  result  diffusion 
mechanisms  of  a  plastic  deformation  come  into 
action. 

If  temperature  of  a  loading  is  those,  that 
the  diffusion  processes  in  this  material  can  not  in¬ 
tensively  evolve,  the  bridges-necks  after  some 
small  quantity  of  deformation  strengthening  fail.  It 
can  result  to  formation  of  a  microcrack  of  the  criti¬ 
cal  size  and  subsequent  fracture  of  a  sample. 

Plastic  deformation  at  T=20  °C  at  a  level 
e=3,5*10'4  could  provided  by  incurvated  bridges- 
necks  due  to  an  opportunity  of  an  exit  of  edge  dis¬ 
locations  on  a  free  surface  of  pores.  In  a  dense 
material,  as  follows  from  [3,  4],  a  necessary  condi¬ 
tion  of  embodying  of  a  plastic  deformation  is  the 
formation  on  boundaries  of  grains  of  cavities, 
pores.  In  a  material,  investigated  in  at  present 
work,  already  there  are  pores,  where  the  moving 
dislocations  can  go  out  and  thus  to  not  create  con¬ 
centration  of  a  stresses,  i.  e.  the  necessity  for  a  re¬ 
laxation  of  a  stresses  by  power-intensive  process  of 
a  delamination  of  grains,  reference  for  a  dense 
state,  disappears. 

At  test  for  an  uniaxial  compression  of  a 
material  with  a  porosity  q=0,28  the  absence  of 
macroplastic  strain  is  noticed  in  an  interval  of  tem¬ 
peratures  T=20-600  °C  (Fig.).  Above  this  tem¬ 
perature  there  are  indications  of  macroplastic 
strain,  which  reaches  quantity  of  e=6  %  at  T=1000 
°C.  It  means,  that  the  edge  dislocations  have  gained 
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°C.  It  means,  that  the  edge  dislocations  have  gained 
an  opportunity  to  transfer  in  adjacent  planes  by 
crawl,  i.  e.  the  atoms  of  a  crystal  lattice  (and  va¬ 
cancy)  became  to  diffuse  actively. 

At  an  uniaxial  compression  of  a  porous 
sample  at  higher  temperature  -  1200-1300  °C  it  is 
possible  to  present  such  scheme  of  sequentially 
performing  processes.  The  plastic  deformation 
starts  in  bridges-necks  of  plates  with  a  microstrain 
by  shear,  which  is  ensured  with  edge  dislocations 
due  to  their  exit  on  a  free  surface  of  pores.  As  a  re¬ 
sult  bridges-necks  are  bended,  that  gives  in  coming 
together  of  plates  among  themselves,  and  then  and 
touch  in  separate  places  (points,  lines,  surfaces). 
Under  activity  of  force  of  compression  in  these 
places  due  to  intensive  course  of  diffusion  proc¬ 
esses  there  is  a  welding  of  plates,  the  conglomer¬ 
ates  of  plates  form  -  peculiar  mechanism  of  inte¬ 
gration  of  crystalline  structure  will  be  derivated.  It 
gives  that  in  adjoining  to  conglomerates  areas  are 
diminished  extent  and  cross  size  of  pores  ,  the  part 
from  them  collapses,  the  communication  trenchs 
between  remained  pores  is  diminished.  There  is  a 
transition  of  a  material  to  a  new  qualitative  state,  it 
easily  gives  in  to  a  plastic  deformation,  which 
reaches  tens  percents,  the  values  of  strength  prop¬ 
erties  are  reduced. 

It  is  possible  to  explain  the  observed  char¬ 
acter  of  process  of  deformation  strengthening  at  T> 
1200  °C  as  follows. 

The  parabolic  course  of  a  deformation 
curve  strengthening  of  a  porous  titanium-siliceous 
carbide  at  a  loading  at  T=1200  °C,  as  well  as  in 
metals,  is  bound  that  despite  of  raising  of  an  inte¬ 
grated  dislocation  density  in  a  material  there  is  a 
slowing  down  of  its  rate  of  rise,  that  is  result  of 
magnification  of  interaction  force  between  dislo¬ 
cations.  After  reaching  critical  strain,  at  which  as  a 
result  crawl  of  edge  dislocations  in  adjacent  planes 
will  be  derivated  highdisorienting  cellular  struc¬ 
ture,  the  activity  is  entered  by(with)  one  more  fac¬ 
tor  of  interaction  of  dislocations  -  there  is  an  anni¬ 
hilation  of  some  part  of  dislocations  of  an  opposite 


mark  in  boundaries  of  cells.  The  annihilation  of 
dislocations  gives  in  slowing  down  of  rate  rise  of  a 
dislocation  density.  At  this  high  temperature  of 
strain,  when  are  ensured  fissile  diffusion  mobility 
of  atoms  of  a  crystal  lattice  and,  accordingly,  in¬ 
tensive  crawl  of  edge  dislocations,  the  velocity  of 
an  annihilation  of  dislocations  can  become  such 
considerable,  that  it  will  exceed  a  generation  rate 
of  new  dislocations,  -  there  will  be  lowering  an  in¬ 
tegrated  dislocation  density,  i.  e.  the  dynamic 
weakening  takes  place.  Accordingly,  on  a  strain 
curve  at  value  of  critical  strain  at  a  level  5-7  %,  is 
observed  decline  of  a  flow  stress,  the  plasticity  in¬ 
creases  up  to  e=30-40  %. 

At  elevation  of  temperature  of  strain  of  a 
porous  titanium-siliceous  carbide  up  to  T=1300  °C 
the  character  of  both  parts  of  a  stress-strain  curve 
(strengthening  and  weakening)  is  maintained  same, 
however,  there  is  a  considerable  decline  of  a  level 
of  a  flow  stress  during  all  interval  of  strain  (in  1,5- 
2  times).  It  is  possible  to  explain  it  to  that  at  main¬ 
tenance  of  process  of  an  annihilation  of  disloca¬ 
tions  and  its  intensification  there  is  one  more  factor 
rendering  essential  influence  to  course  of  process 
of  a  plastic  deformation.  In  a  hexagonal  crystal 
lattice  the  activity  is  entered  by  new  systems  of 
slide,  which  are  capable  to  provide  work  of  5-th 
independent  systems  of  slide,  that  gives  in  a  de¬ 
cline  of  a  weakening  and  elevation  of  a  plasticity. 

1.  Brodnikovskyy  N.P.,  Burka  M..  P,  Demidik  A. 
N,  Ivanova  I.I.,  Pechkovsky  E.P.,  PolushkO 
G.P.,  Firstov  S.A.  /  International  Conf.  «  Ad¬ 
vanced  Ceramics  for  Third  Millennium  »,  Kiev, 
2001. -P.  115,  116. 

2.  Li  J.F.,  Pan  W.,  Sato  F.,  Watanabe  R.  /  Acta 
Mater.  -  2001.  -  Vol.  49.  -  P.  937-945. 

3.  Barsoum  M.W.  /  Prog.  Solid  St.  Chem.  -  2000.  - 
Vol. 28. -P.201-281. 

4.  Barsoum  M.W.,  El-Raghy  T.,  Radovic  M. 
Ti3SiC2:  /  Interceram.  -  2000.  -  Vol.  49,  No. 
4. -P.226-233. 
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INHERITABLE  FRAMES  of  ALUMINIUM  OBTAINED  FROM 
OVERHEATED,  PREVIOUSLY  CONVECT  MELT  I 

Maiboroda  V.P..  Golovkova  M.E.,  Molchanovskaya  G.M. 

I.Franzevich  Institute  of  Materials  Sciense  Problems  of  National  Academy  of  Scienses  of  Ukraine, 

Kiev,  Ukraine 


Not  detracting  advantage  of  the 
macroscopic  thermodynamic  concepts,  theory  of 
nucleation  and  spreading  of  a  solidified  front, 
which  one  satisfactorily  describe  process  of  an 
induration,  it  is  necessary  to  recognize,  that  the 
processes  of  gelation  in  ingots,  either  particulate, 
or  completely,  simply  are  not  regulated  by  these 
theories.  It  is  bound  as  to  influencing  not  up  to  the 
end  studied  of  the  constitution  of  structural 
motives  of  a  liquid,  dynamics  of  its  condition,  and 
also  way  of  submission  of  a  melt  in  a  crystallizer 
or  on  a  crystallizing  surface  and  conditions  of 
cooling. 

The  variation  only  in  these  parameters 
allows  to  change  on  the  orders,  for  example, 
disperse  of  different  hierarchically  bound  among 
themselves  the  structural  pieces  of  ingots,  of 
ribbons  and  hardened  models  of  other  forms. 

The  given  activity  is  dedicated  to  mining 
of  effective  ways  of  control  of  processes  of 
fragmentation  of  frame  and  analysis  of  a 
constitution  of  structural  motives  of  a  melt  of 
aluminium,  using  effects  of  inheriting. 


Figl 


In  activities  [1-3]  intercommunicated 
about  specific  influencing  of  preliminary  stream 
stirring  of  a  melt  on  the  subsequent  frame  of  rod 
samples.  Using  a  technique  of  activities  [1,3],  the 
cylindrical  sample  A1  (purity  99,995  mas  %)  was 
obtained,  the  frame  of  which  was  investigated  on  a 
bevel  cut.  For  exception  of  artefacts,  bound  with 
etching,  in  a  fig.l  the  frame  is  resulted,  we  shall 
call  of  an  initial  sample,  the  melt  which  one  before 
a  solidification  did  not  subject  to  convective  effect. 
The  melt  temperature  in  both  cases  made  1100°C. 


Fig.2 


In  a  fig.2  the  frame  of  an  investigated  rod 
is  resulted.  Etching  of  samples  implemented 
etching  acid  in  identical  conditions,  but  with  a 
difference  of  duration  of  etching  twice  for  a  rod 
sample.  Over-etching  of  frame,  the  fig. I,  however 
does  not  reveal  a  flap-type  fragmentation, 
reference  sample,  fig.2. 

The  electron-microscopic  research 
confirms  these  structural  differences.  The  electron 
diffraction  pattern  of  an  initial  sample,  fig.3,  has  a 
standard  view.  The  substructure  of  a  cylindrical 
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sample,  fig.4,  a,  has  microflap-type,  blended  with 
type  of  certain  micrograins  constitution. 


Fig.3 


The  padding  jerks  and  pulls  of  an  electron 
diffraction  pattern,  fig.4, b,  convincingly  testify  to 
availability  of  a  fine-plate  fragmentation  in  case  of 
obtaining  a  sample  at  preliminary  covectation  of  a 
melt. 


b 

Fig.4 


Conditions  of  experiment  [1,3]  eliminate  a 
solidification  of  metal  during  retraction  of  a  melt  in 
alund  tube  with  a  diameter  of  6  mm,  that  is  why 
the  microbanding  is  not  a  consequent  of  freezing 
during  flow. 

Is  enabled,  that  melt  of  a  liquid,  except  a 
cluster  microgrouping  has  more  extended 
polystructural  motives,  hereditable  orientationaly 
the  crystal-grains. 

Therefore  the  method  of  flow  of  metal 
through  narrow  foramens  is  applied  with  the 
purpose  of  attempt  of  splitting  of  colloid  on  its 
composite  motives,  if  those  are  available.  Thus 
there  is  no  necessity  to  approve,  that  the  cluster  has 
a  crystalline  state. 

The  essence  of  the  alone  given  experiment 
is  encompass  byed  finding  -  out  of  nature  of  distant 
ordering  of  a  melt,  which,  is  adopt  to  consider,  one 
can  resemble  a  system  of  the  frozen  polyhedrons  of 
Voronoy-Bemal,  or  the  Delone  simplexes. 
However,  the  outcomes  of  the  given  activity  can 
testify  to  availability  only  of  plate-like 
polystructural  composite  motives  in  a  melt  of 
aluminium  overheated  up  to  1 100-1200°C. 
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OBTAINED  by  SPLASH  of  a  MELT  III 

Maiboroda  V.P.,  Maksimova  G.M.,  Revo  S.L.(l),  Ivanenko  E.A.(1),  Molchanovskaya  G.M. 

I.Franzevich  Institute  of  Materials  Sciense  Problems  of  National  Academy  of  Scienses  of  Ukraine, 

Kiev,  Ukraine 

(l)  T. Shevchenko  Kiev  National  university  of  Ukraine,  Kiev,  Ukraine 


In  the  maiden  two  reports  of  this  book  the 
specific  structures  and  substructures  of  aluminium 
obtained  from  an  overheated  melt  are  adduced.  The 
wobble  of  their  interpretation  can  be  connected  to 
absence  of  studing  of  influencing  of  a  cooling  rate 
of  a  sample.  In  the  first  report  the  cylindrical 
sample  was  cooled  in  alund  tube  of  a  diameter  of  6 
mm  during  40-50  sec,  and  in  the  second  report  - 
~  10'3  sec.  However  both  in  maiden,  and  in  the 
second  cases,  the  approximately  identical  tendency 
to  formation  of  a  microflap-type  fragmentation,  but 
of  a  miscellaneous  degree,  is  watched.  To  reduce 
influencing  of  a  cooling  rate  and  to  approach 
conditions  of  a  solidification  to  cooling  conditions 
of  an  ingot  with  a  crucible  on  air,  the  metal  was 
obtained  on  technology  of  filling  of  a  warm  steel 
mold  by  a  quasicontinuous  thin  spray  with  exhaust 
velocity  ~  0,5  m/s. 

The  indicated  way  is  close  to  technology 
of  obtaining  of  welds  by  a  method  of  splash. 
Therefore  in  a  title  of  the  report  is  used  a  word 
"splash". 

At  obtaining  an  ingot  the  molten  metal 
moved  in  alund  crucible  heated  up  to  500°C,  the 
diameter  of  20  mm  and  during  experiment  was 
spacefilled  on  an  altitude  of  12-15  mm.  After 
ending  submission  of  metal,  the  melt  was  in  a 
steel  mold  in  a  liquid  state  some  seconds.  For 
matching  the  identical  ingot  was  obtained  also  at  a 
customary  melting  of  a  blend  in  board  of 
resistance,  overflow  of  metal  through  a  broad 
foramen  and  cooling  on  air. 

In  a  fig.  1 ,  a,  b,  are  adduced  the  lightfield 
map  of  substructure  and  electron  diffraction  pattern 
of  a  comparative  sample  with  jerks  conforming  to 
a  FCC-lattice  of  Ai.  We  suppose,  that  these  data  do 
not  require  the  special  ininterpretation. 


b 

Fig-1 

In  a  fig.2,  a,  b,  c,  are  adduced  the  structural 
data  of  an  ingot  obtained  by  “splash”.  Also,  as  well 
as  in  case  of  a  fast  crystallization  (the  previos 
report  II)  the  substructure  of  metal  differs  by  a 
fine-plate  fragmentation  (~  20  nm),  generatrix  a 
superstructural  system.  It  confirms  by  nature  of 
electron  diffraction  patterns,  fig.2,  b  and  c,  which 
are  obtained  from  two  adjacent  areas  (screw  racks) 
figured  in  a  fig.2  a. 

The  outcomes  of  experience  testify  to 
prevailing  influencing  of  processes  of  preliminary 
melt  flow  on  gelation  in  aluminium  as  contrasted 
to  by  factor  of  speed  of  a  crystallization.  To  the 
same  conclusions  has  come  Chadwick  at  research 
of  originating  of  banding  in  ingots  of  aluminium. 
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C 

Fig.2 

We  suppose,  that  observed  naostrip  pieces 
and  the  screw  racks  of  micron  width  mirror  the 
composite  motive  of  short-range  and  distant 
ordering  of  a  melt  of  aluminium  at  the  temperature 
of  up  to  1100°C.  These  data  can  be  utilised  at 
application  of  a  statistic-geometrical  method  of 
computer  simulation  of  a  constitution  of  a  melt.  At 
simulation  of  a  crystallization  on  a  Voronoy 
method,  apparently  preference  should  be  returned 
to  a  set  of  sequence  of  digits  identifying  tetragons 

[li¬ 


lt  is  necessary  to  mark,  that  the  indicated 
methods  of  effect  on  a  melt  do  not  allow  while  to 
receive  metal  with  isotropic  nanodispersiv  frame. 
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In  activities  [1-3]  show,  that  if  in 
overheated  up  to  ~  1100°C  melt  of  A1  before  a 
solidification  to  call  somehow  convection,  the 
frame  of  last  has  a  flap-type  constitution.  At  a 
direct  researches  of  a  building  of  microdrips  of 
indium  and  tin  [4,5]  the  availability  of  nanosize 
rectangular  zones  of  width  30-40  nm,  and  also 
flap-type  formations  of  two  scales  -  size  -  200  nm 
and  1-2  microns  was  watched  except  for  a  cluster 
microgrouping.  Last  fragment  a  drip  or  colloid. 

Unconditionally,  listed  the  structural- 
hierarchical  system  exists  in  a  mobile  condition 
such  as  Brownian  motion  and,  apparently, 
introduces  structural  motives  of  a  constitution  of 
melts.  The  life  time  of  such  motives  makes,  on 
supervision,  tens  seconds. 

Not  excepting  influencings  of  conditions 
of  a  crystallization  (these  factors  will  be  studied  in 
following,  III  report),  we  suppose,  that  the  increase 
of  speed  of  a  convection  of  a  melt  or  its  expiration 
from  a  nozzle  and  speed  of  a  rotated  crystallizer 
will  allow  before  a  solidification  to  disperse 
colloid  on  the  conforming  more  dispercive 
structural  fragments  of  compositional  motive  of 
melt  structure. 

In  the  given  activity  the  researches  of 
substructure  of  films  of  aluminium  by  depth  of  0,3- 
0,5  mm  and  width  8  mm  obtained  on  rotated 
copper  disk.  The  speed  of  the  rotated  disk  was 
3600  tums/min.  Vacuum  in  system  was  10'2Pa. 
Mean  radius  of  a  place  of  deposition  of  an 
aluminium  drip  makes  25  mm.  The  melt  had 
temperature  1 100-1200°C.  The  speed  of  velocity  of 
metal  from  a  nozzle  made  0, 5-0,8  m/s. 

As  shown  in  activity  [3],  the  surface  of  a 
film  has  microstriate  morphology.  In  the  given 
experiment  at  obtaining  of  foil  the  similar  outcome 
was  watched.  Realization  of  electron  microscopic 
research  of  the  foil  therefore  was  meaningful.  The 
substructure  of  a  film  resembles  a  lath-similar 
constitution.  The  electron  diffraction  pattern  from 
inter-lath  space,  fig.l,a,  testifies  to  availability  of  a 
fine-plate  nanosize  fragmentation,  the  basis  of 
which  can  be  made  the  defects  of  packaging  or 
doubles  derivated  in  the  conditions  of  a 
crystallization.  At  deformation,  as  is  known, 


originating  of  defects  of  packaging  is  improbable. 
The  lightfield,  fig.l,b,  and  the  darkfield  map  in 
matrix  reflex,  fig.l,c,  confirms  availability  of  fine- 
plate  contrast  with  parameter  ~  50  mm. 


a 


c 

Figl 
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Electron  diffraction  pattern  from  area  of 
"screw  rack",  fig.2,a,  and  darkfield  map,  fig.2,b, 
also  testify  to  availability  of  two  systems  of  fine- 
plate  superstructure,  but  more  finely  divided  on 
depth  (25  nm).  It  is  necessary  to  attribute  the  given 
phylum  of  frame,  apparently,  to  a  plate 
nanostuctural  condition. 


b 

Fig.2 


The  obtained  nanostrip  frame  on  parameter 
coincides  the  size  of  an  intermediate  zone  observed 
in  activity  [5]  (30-40  nm),  or  with  the  size  of  the 
prolated  cluster  on  a  large  axis(axes)  [4]. 

Following  element  of  frame,  it  is  the  lath- 
similar  pieces  of  the  micron  depth.  These  forms, 
apparently,  can  not  be  referred  to  polyhedrons  of 
Voronoy-Bemal.  Most  likely  composite  motive  of 
a  melt  consists  of  "pieces"  of  the  rectangular-like 
or  flap-type-like  extended  forms.  As  follows  from 
the  reduced  data  for  implementation  of 
nanostructural,  also  while  anisotropic  condition  of 
metal  the  considerable  efforts  of  effect  on  a  melt 
are  indispensable. 
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The  need  for  improved  hardmetals  intended  for 
production  of  mining  tools  for  drilling  and  cutting  hard 
and  soft  rock  is  rapidly  growing.  This  need  is  created 
by  the  demand  for  utilisation  of  ores  of  lower  and 
lower  grade,  for  drilling  tough  and  abrasive  rock,  and 
for  general  improvement  in  the  efficiency  of  rock- 
removal  methods.  Wear  of  hardmetal  buttons  or  inserts 
in  the  drilling  bits  and  road-planing  and  coal  coal¬ 
cutting  picks  is  a  major  factor  in  determining  the 
energy  requirements  and  the  penetration  rate  in  drilling 
or  cutting  and  usually  dictates  the  choice  of  rock- 
removal  methods  for  a  given  type  of  rock  [1,2] 

Hardmetals  for  mining  tools  work  usually  under 
extremely  harsh  operating  conditions  including 
temperatures  of  nearly  1000°C,  high  impact  loads, 
thermal  shocks,  intensive  abrasive  wear  and  severe 
fatigue.  Such  unfavourable  operating  conditions  dictate 
special  features  of  the  hardmetal  grades  employed  for 
fabrication  of  mining  tools.  The  mining  grades  of 
hardmetal  have  to  possess  a  combination  of  high 
hardness  and  wear-resistance  on  the  one  hand  and 
enhanced  strength  and  fracture  toughness  on  the  other 
hand.  Although  these  properties  are  known  to  be 
contradictory  in  the  manufacture  of  WC-Co 
hardmetals,  they  have  to  be  optimised  by  choosing  the 
best  combination  of  WC  mean  grain  size,  Co  content 
and  other  microstructure  characteristics  of  hardmetal. 

Some  new  results  on  wear  mechanisms  of  hardmetal 
buttons  and  inserts  in  drilling  and  cutting  of  hard  rock 
and  soft  rock  will  be  reported.  The  understanding  of 
the  wear  mechanism  and  defining  the  weakest 
consistent  part  of  the  WC-Co  materials  have  allowed 
the  hardmetal  microstructure  to  be  designed  and 
optimised  from  the  viewpoint  of  improving  tool 
lifetime  in  rock  drilling  and  cutting  under  unfavourable 
operating  conditions. 

One  of  the  major  characteristics  of  the  hardmetal 
microstructure  is  thought  to  be  the  uniformity  of  WC 
grain  size  distribution  [3,  4].  The  microstructure  of  the 
hardmetals  intended  for  production  of  mining  tools  is 
usually  middle-,  coarse-  or  ultra-coarse  grained,  and 
the  presence  of  either  very  fine  fraction  or  excessively 
coarse  WC  grains  is  undesirable  from  the  viewpoint  of 
both  mechanical  properties  and  performance.  One  can 
improve  the  WC  homogeneity  in  the  hardmetal 
microstructure  only  by  producing  more  uniform  W  and 
WC  powders.  The  influence  of  WC  grain  size 
uniformity  on  the  performance  and  mechanical 


properties  of  different  hardmetal  grades  will  be 
presented. 

Other  decisive  properties  of  WC-Co  hardmetal  are  the 
Co  mean  free  path  and  WC  average  grain  size,  which 
have  a  strong  influence  on  the  physical  and  mechanical 
properties  of  WC-Co  materials.  Results  on  optimisation 
of  Co  mean  free  path  and  WC  grain  size  in  the 
hardmetal  grades  intended  for  different  applications  in 
percussive  drilling  of  hard  rock  as  well  as  in  road 
planing  and  coal  cutting  will  be  reported.  A  wide 
variety  of  up-to-date  hardmetal  grades  with  improved 
physical  and  mechanical  properties  and  enhanced 
performance  for  mining  applications  will  be  briefly 
described.  A  number  of  examples  of  their  employing  in 
different  operations  of  rock  drilling  and  cutting  in 
comparison  with  conventional  hardmetals  will  be 
given. 
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Advantageous  development  of  mining, 
metalworking  industries  and  some  subbranches  of 
mechanical  engineering  is,  to  a  great  extent,  due 
to  a  wide  application  of  carbide  articles  that 
operate  under  extreme  conditions.  Among  such 
articles  are  included  drilling  and  rock-cutting 
tools,  dies,  broaching  tools,  milling  cutters, 
carbide  elements  of  high-pressure  apparatus, 
punches  of  compressors,  etc.  To  ensure  a  high 
performance  of  these  articles,  a  new  concept  of 
the  formation  of  them  should  be  developed.  The 
concept  should  be  based  on  particular  conditions 
of  the  operation  of  carbide  articles  and  take  into 
account  the  interaction  between  an  operational 
member  and  an  article,  and  between  the  latter  and 
a  workpiece  material. 

According  to  this  concept,  at  the  first  stage,  the 
computer-aided  simulation  of  the  carbide  article  is 
performed.  The  computer-aided  simulation 
includes  the  calculation  of  the  stressed-strained 
and  limiting  states  of  the  article  under  cyclic 
loading,  the  calculation  of  the  adequate  limiting 
values  of  such  characteristics  of  the  cemented 
carbide  as  bending  strength  (Rbm),  compression 
strength  (R^)  and  yield  stress  (Rc0.i).  The  limiting 
values  of  these  characteristics  define  the  range  of 
stresses  within  which  the  article  can  operate.  If,  as 
the  situation  requires,  this  region  must  be 
extended  the  values  of  Rbm»  Rem  and  Rco.i  of  this 
cemented  carbide  should  be  increased.  If  the 
values  of  these  characteristics  meet  the  conditions 
of  the  article  operation,  they  should  be  remained 
unchanged  (at  the  existing  level).  Based  on  the 
obtained  values  of  the  fields  of  stresses,  which 
generate  in  the  bulk  of  the  article  during  its 
operation,  the  computer-aided  simulation  of 
gradient  structures  in  this  article  is  performed.  The 
development  of  gradient  structures  makes  it 
possible  to  maximize  the  adaptation  of  an  article 
to  the  extreme  conditions  of  its  operation. 

At  the  second  stage  the  problem  of  the  formation 
of  the  cemented  carbide  structure  at  all  the  levels 
of  its  hierarchy  (submicro-,  micro-  and 
mesolevels)  is  solved.  To  accomplish  this,  the 
working  article  should  be  considered  as  an  open 


system  which  absorbs  energy  from  without.  In  this 
case,  the  system  stores  entropy,  and  dynamic 
structures  develop  in  this  system.  In  cemented 
carbide  articles  defects  are  one  of  these  dynamic 
structures.  TEM  observations  have  shown  [1-5] 
that  in  cemented  carbides  under  the  action  of 
external  loads  there  initiate  defects  that 
accumulate  and  form  three-dimensional  structures 
at  submicro-,  micro-  and  mesolevels.  The 
initiation  of  defects  and  the  organization  of  them 
into  three-dimensional  structures  cause  the 
degradation  of  the  cemented  carbide  initial 
structure  and,  ultimately,  to  its  failure.  The 
processes  of  the  initiation,  development  of  defects 
and  organization  of  them  into  three-dimensional 
structures  are  directly  related  to  the  energy 
absorption  by  a  cemented  carbide  article.  The 
ability  of  cemented  carbides  to  absorb  energy  is 
given  in  terms  of  the  energy  absorption  coefficient 
X  [6]  and  the  work  of  deformation  Adef.  These 
characteristics  correlate  well  with  the  fatigue 
strength  of  the  cemented  carbide,  e.g.,  with  the 
values  of  the  threshold  stress  intensity  factor  Kth 
and  the  critical  stress  intensity  factor  Kfc.  It 
follows  from  the  foregoing  that  the  structures 
must  be  formed  which  would  ensure  a  high  energy 
absorption  of  a  cemented  carbide  thus  inhibiting 
the  initiation  and  organization  of  defects. 

At  the  third  stage  one  should  choose  the  adequate 
technologies  to  develop  the  required  structures  in 
the  bulk  carbide  article.  We  think  that  the 
treatment  of  a  sintered  article  with  a  metal  melt 
(MMT  technology)  offers  promise  for  the 
formation  of  gradient  structures.  The  MMT- 
process  allows  the  formation  of  new  structures  in 
a  cemented  carbide  article  after  its  final  sintering. 
Additionally,  this  process  enables  one  to  control 
the  polymorphic  transformation  of  the  cobalt 
phase  and  thus  to  develop  or  to  suppress  the 
formation  of  nanostructures  in  the  cemented 
carbide  at  the  submicrolevel  [7]. 

The  above-considered  concept  was  implemented 
when  designing  high-pressure  apparatus  to 
synthesize  diamonds  [8]  as  well  as  when  making 
rock-cutting  tools.  The  computer-aided  simulation 
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was  performed  with  a  cone  rotary  cutter  operating 
in  the  system  which  included  an  operational 
member  (a  11220  entry-driving  machine,  in  our 
case),  a  cone  cutter  and  a  rock  (strength  =  100 
MPa,  abrasive  ability  =  15...  18  mg).  According  to 
our  calculated  results,  the  following  limiting 
values  of  the  main  characteristics  of  cemented 
carbides  are  adequate  for  these  working 
conditions:  Rbm=2300  MPa,  ^=3300  MPa  and 
Rc  o.i=2800  MPa.  Within  the  range  of  allowable 
stresses  the  performance  of  the  rock-cutting  tool 
will  be  specified  by  the  processes  of  initiation  and 
development  of  defects  in  the  bulk  of  a  cemented 
carbide  insert.  The  foregoing  and  analysis  of  the 
results  reported  in  [1-  5]  show  that  to  inhibit  the 
development  of  defects  at  submicro-,  micro-  and 
mesolevels,  a  high  energy  -  absorption  ability  of  a 
cemented  carbide  should  be  ensured,  the  cubic 
modification  of  cobalt  should  be  stabilized  and 
steps  should  be  taken  to  strengthen  WC/WC  and 
WC/Co  interfaces.  To  implement  the  above 
statesmens,  we  chose  standard  grades  of  cemented 
carbides  used  in  rock-cutting  tools  (WC-8C0T, 
WC-lOCoT  and  WC-12CoT)  and  have  developed 
new  grades  on  the  base  of  then  by  alloying  the 
former  by  nickel  and  silicon  following  the  MMT- 
process.  This  has  allowed  the  cemented  carbides 
to  be  produced  having  high  values  of  Adef  and  X 
(see  Table). 


Field  tests  of  rock-cutting  tools  inserted  with  WC- 
12CoT  (Ni,Si)  cemented  carbide  have  shown  that 
they  outperform  tools  inserted  with  standard  WC- 
12CoT  carbide  by  a  factor  of  2.8. 

Referens 

1.  Manlang  L.,  Xiaoying  H.,  et.  al.  Int.  J.  of 
Refractory  Metals  and  Hard  Materials, 
1983,  vol.2,  No  3,  pp.  129-132. 

2.  Vasel  C.  H.,  Krawitz  A.  D.,  et.  al.  Metall. 
Trans.  A,  1985,  V.16A,  pp.  2309-2327. 

3.  Jonsson  H.  Pranseeberichte  fur 
Pulvermetal.,  1976,  No  2,  pp. 108-134. 

4.  Rowcliffe  D.  J.,  Jayaram  V.,  et.  al. 
Materials  Science  and  Engineering  A, 
1988,  vol.  105/106,  pp.  299-303. 

5.  S.  Lay,  J.L.  Chermant,  J.  Vicens.  Proc. 
Int.  Symp.  Plast.  University  Park,  July  20- 
22,  1989.  New  York,  1984,  pp.  87-96. 

6.  JIe6eaeB  A.  A.,  4ennH  3.  ripo6neMbi 
npoHHocTH,  1980,  X24,  c.  32-34. 

7.  Lisovsky  A.  F.  Proc.  European 
Conference  on  Advances  in  Hard  Material 
Production,  Turin,  EPMA(ed.),  1999,  pp. 
301  -306. 

8.  Lisovsky  A.  F.  and  Shestakov  S.  I. 
CBepxTBepabie  MaTepnanbi,  2001,  Jf°4, 
c.3-6. 


Table.  Physico-mechanical  properties  of  specimens 
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MPa 
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MPa 
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MJ/m3 
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WC-lOCoT 
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mm 
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mm 

mm 
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mm 

WC-12CoT(Ni) 

12 

86,7 

19,8 

3310 

■Knm 

6,8 

WC-12CoT(Ni,Si) 

12 

86,6 

20,5 

2810 

3300 

219 

7,1 
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HIGH-PRESSURE  SYNTHESIS  AND  SINTERING  OF  MgB2  -BASED 
SUPERCONDUCTIVE  MATERIALS 

Prikhna  T.A.(1),  Gawalek  W.(2),  Savchuk  Ya.M.(!),  Sergienko  N.V.(I),  Moshchil  V.E.(1), 
Melnikov  V.S.(3),  Dub  S.N.(1),  Surzhenko  A.B.(2) ,  Nagorny  P.A.(1),  Abell  S.(4), 
Habisreuther  T.(2) ,  Wendt  M.(2),  Herdt  R.(2),  Schmidt  Ch.(2),  Dellith  J.(2) 

(1)Institute  for  Superhard  Materials,  Kiev,  Ukraine 

(2)Institut  fur  Physikalische  Hochtechnologie,  Jena,  Germany 

(3)Institute  of  Geochemistry,  Mineralogy  and  Ore-Formation,  Kiev,  Ukraine 

(4)University  of  Birmingham,  Birmingham,  United  Kingdom 


MgB2,  superconductive  properties  of  which 
have  been  recently  discovered,  can  be  easily 
synthesized  both  under  ambient  and  high 
pressures.  A  lot  of  different  methods  of  MgB2 
preparation  are  known  [1-6].  Manufacturing 
of  bulk  MgB2  under  high  pressure  is  one  of 
the  promising  methods  of  producing  highly 
dense  superconductive  material  with 
mechanical  properties  of  a  high  level.  In  our 
experiments  on  synthesis  and  sintering  we 
used  pressures  of  about  2  GPa  Our  high- 
pressure  apparatuses  allows  to  produce 
samples  of  about  60  mm  in  diameter  and  20- 
30  mm  in  height  that  can  be  practically  used 
in  electromotors  or  generators. 

We  have  studied  the  peculiarities  of  high- 
pressure  synthesis  of  MgB2  from  Mg  and  B 
and  sintering  of  commercial  MgB2.  The  high- 
pressure-synthesized  samples  have  exhibited  a 
density  of  2,4-2, 5  g/cm2,  microhardness  of 
12.1-15.6  GPa  at  the  4,96-N  load,  fracture 
toughness  of  4.1  MN  m"3/2  at  147.2-N  load, 
Young  Modulus  of  220  GPa,  critical  current 
density  of  170-200  kA/cm2  at  10  K  and  58-  62 
kA/cm2  at  20  K  in  IT  field.  The  irreversible 
field  was  9  T  at  10  K  and  6  T  at  20  K.  We 
have  found  evidence  indicating  that  the 
presence  of  Ta  during  synthesis  positively 
influences  the  critical  current  density  of  the 
material  in  magnetic  field  as  well  as  the  field 
of  irreversibility.  In  our  experiments  on 
synthesis  of  MgB2  we  have  used  boron 
containing  a  H3BO3  impurity  phase  and  have 
come  to  the  conclusion  that  Ta  reacts  with 
hydrogen  to  form  Ta2H  and  TaH,  indirectly 
causing  the  formation  of  finer  (of  a  submicron 


size)  inclusions  of  MgO  in  MgB2  that  may  be 
the  reason  for  an  increase  in  critical  current 
density.  We  have  found  some  evidence  that 
intergrowth  of  MgO  and  MgB2  may  occur  by 
(111)  planes  of  MgO  and  (0001)  planes  of 
MgB2. 

Addition  of  Ta  (10  %)  to  the  sintered  MgB2 
samples  allowed  us  to  increase  fracture  toughness 
from  4.4  to  7.6  MH  m’3/2  (  under  the  147.2  N 
load).  The  Young  modulus  of  high-pressure 
sintered  MgB2  was  in  the  range  of  223  to  382  GPa 
and  under  the  0.5-N  load  the  nanohardness  was 
17.3  GPa,  while  some  grains  exhibited  43.4  GPa. 

The  structure  of  both  synthesized  and  sintered 
samples  contained  uniformly  distributed 
single  crystals  of  MgB2  with  the  sizes  from  10 
to  0.1  pm.  The  MgB2  sample  obtained  under 
high  pressure  was  a  nanostructured  material 
with  the  separate  inclusions  of  larger  grains. 
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Fig.  1.  Critical  current  density  jc  vs.  magnetic  field  at  20  K  of  the  samples  synthesized  at  2  GPa, 
800  C,  1  h  from  Mg  and  B  of  commercial  purity  in  contact  with  a  BN  powder,  Ta  foil  and 
from  Mg  and  B  of  commercial  purity  with  additions  of  a  Ta  powder  (2wt%)  in  contact  with  a 
Ta  foil.  The  same  dependence  for  the  sample  synthesized  from  the  same  raw  materials  at  an  Ar 
pressure  of  1  atm  and  800  °C  for  4  h  is  given  for  comparison. 
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Introduction 

Recently,  large  interest  has  focused  on  studying  of 
structure  of  various  refractory  materials  because 
the  development  of  effective  composite  materials 
promotes  the  formation  of  the  most  important 
service  properties  of  refractory  linings,  such  as 
high  corrosion-  and  steel  melt  resistant  and 
thermal  shock  resistant  [1], 

One  of  the  most  advanced  directions  in 
technologies  of  refractories  is  improving  of 
conventional  materials  by  optimization  of  their 
macrostructure. 

The  forward-looking  refractories  are  HCCBS- 
based  refractories  (in  Russian  keramobetony). 
Their  matrixes  are  formed  of  the  high 
concentrated  suspensions  or  slurries  at  ambient 
temperatures.  The  HCCBS-based  materials  are 
applied  successfully  at  Russian  ferrous 
metallurgical  enterprises,  especially  as  shaped  and 
unshaped  refractories  for  steel  ladles  and  blast 
furnaces  at  the  temperatures  up  to  1 600  °C. 

An  important  feature  of  the  unshaped  HCCBS- 
based  refractories  (plastic  mixes,  rammables, 
castables)  is  a  formation  of  their  structure  under 
service  conditions.  In  the  works  [2,  3]  technology 
of  HCCBs-based  castables  of  sintered  brown 
alumina  (sintered  Chinese  bauxite)  is  described. 
The  purpose  of  the  present  work  is  to  investigate 
the  character  of  macrostructure  (porosity)  of  the 
matrix  of  such  castables  and  the  module  of 
elasticity  (MOE). 

As  started  material  for  the  specimens  the  high 
concentrated  ceramic  binder  suspension  made  of 
sintered  Chinese  bauxite  has  been  applied.  It’s 
characteristics  were:  suspension  density  ps  =  2.65 
g/cm3;  bulk  concentration  of  solid  phase  Cv  = 
0.62;  pH  =  7.6;  water  content  W  =  13.6  mass  %; 
the  rest  on  63  mkm  sieve  (230  mesh  after  Taylor) 
R  =  1 .4  %.  The  experimental  specimens  were  cast 
in  plaster  and  metal  molds  and  cured  at  the  air  at 
ambient  22  °C  for  24  h  before  measurement. 


Using  the  method  of  mercury  pressure  there  have 
been  received  the  experimental  curves  of 
integrated  and  differential  distribution  of  pores  of 
the  matrixes  after  their  thermal  treatment  at 
temperatures  between  100  and  1450°C. 

The  dynamic  MOE  of  the  HCCBS-based  matrix 
and  castable  under  heating  and  cooling  conditions 
was  measured  on  the  specimens  with  sizes 
1 60x40x40  mm  in  a  range  of  temperatures  of  1 00 
-  1450°C. 

Figure  1  demonstrates  the  results  of  dynamic 
MOE  measurement  at  the  heating  and  cooling 
temperatures  and  dominant  pore  radius  of  the 
matrixes  as  a  function  of  pre-heating  temperature. 
Despite  the  thermal  differences  in  the  experiment 
conditions  both  of  the  mercury  presses  and  MOE 
the  same  character  of  the  curves  on  thermal 
lengths  “350  -  900  °C”  and  “900  -  1200  °C”  is 
observed.  Thus  the  first  thermal  length  shows  a 
constancy  of  pore  structure  of  the  matrix,  that  also 
the  MOE  data  confirm. 
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Figure  1.  Dynamic  MOE  under  heating  and 
cooling  conditions  (1)  and  pore  distribution 
curve  as  a  function  of  pre-heating 
temperature  (2)  of  sintered  brown  alumina-based 
(HCCBS-based)  matrix 


*  HCCBS  -  High  Concentrated  Ceramic  Binder  System  (aqueous  suspension  of  pre-heated  ceramic  materials  with 
bulk  concentration  Cv  =  0,5  -  0,7  (fused  silica,  fired  clay,  sintered  brown  alumina,  fused  alumina  and  alumina-spine! 
material) 
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This  length  of  the  curves  shows  that  pore  size 
doesn’t  depend  on  the  pre-heating  temperature.  At 
900  °C  process  of  silica  fine  particles  sintering 
begins.  This  process  connects  with  pore  radius 
increasing  because  of  silica  phase  transition  and 
bulk  expansion. 

At  this  stage  the  process  of  sintering  is 
accompanied  by  growing  of  particles  and 
coalescence.  In  the  range  100  -  1400  °C  the 
apparent  porosity  changes  from  24  up  to  5  %.  The 
“heating”  curve  of  MOE  between  900  and  1200 
°C  shows  the  similar  behaviour  or  gentle 
increasing  caused  by  sintering  process  (MOE  is 
increased  with  strength  increasing  [3])  and  also 
formation  of  a  liquid  phase  and  porosity 
reduction. 

At  the  temperature  of  1200  °C  the  whole  process 
of  particle  sintering  and  process  of  mullite 
formation  with  the  bulk  expansion  are  observed. 
These  processes  are  accompanied  by  disappearing 
of  the  small  pores  and  increasing  of  the  large 
ones.  The  matrix  pre-heated  at  1400  °C  shows 
abrupt  decreasing  of  pore  volume  (from  0.120 
after  firing  at  100  °C  up  to  0.014  sm3/g). 
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Figure  2.  Ratio  coefficient  K  =  Ematrix  /  Ecastable 
as  function  of  temperature 

To  find  out  the  role  of  the  matrix  in  the  castable 
dynamic  MOE  for  the  castable  has  been 
determined.  Analyzing  MOE  data  the  differences 
for  both  materials  were  observed.  For  their 
explanation  the  authors  of  this  paper  has  offered  a 
coefficient  as  a  ratio  of  MOE  both  matrix  and 
castables: 

^  ~  Ematr  /Ecast 


Coefficient  K  as  a  function  of  the  temperature  is 
shown  at  figure  2.  At  heating  to  the  temperature  of 
500  oC  the  behaviour  of  the  matrix  and  the 
castable  do  not  differ  from  each  other.  MOE 
increase  sharply  for  the  castable  and  does  not 
change  for  the  matrix  between  500  and  1000  °C 
(K  <  1)  Sintered  brown  alumina  aggregate 
compensates  the  low  elasticity  of  the  matrix.  After 
1000  °C  the  sintering  and  hardening  of  the  matrix 
begins,  and  the  parameters  of  its  MOE  exceed 
those  for  the  castable.  During  the  cooling  process 
the  materials  have  a  remarkably  growth  of  their 
MOE  and  the  character  of  MOE’s  changing  is  the 
same  for  both  materials.  Thus  MOE  is  more  for 
the  matrix  because  it  has  the  best  elastic 
properties. 

Conclusions 

(1)  The  pore  structure  of  the  HCCBS-based 
matrix  of  the  high  alumina  castable  is 
investigated. 

(2)  The  direct  influence  of  the  character  of  pore 
structure  of  the  matrix  on  dynamic  MOE  between 
400  and  900  °C  and  900  -  1200°C  is  observed. 

(2)  The  coefficient  K  that  shows  the  differences  of 
“matrix”  MOE  and  “castable”  MOE  is  offered. 
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SHAPE  MEMORY  EFFECT  AND  SUPERELASTICITY  IN  TITANIUM- 

NICKEL  SINGLE  CRYSTALS 


Chumlvakov  Yu .1..  Kireeva  I.Y.,  Panchenko  E.Yu.,  Zakharova  E.G.,  Aksenov  V.B. 

Siberian  Physical-Technical  Institute,  Tomsk,  Russia 


At  titanium-nickel  single  crystals  Ti.-oNko  (I), 
Ti5oNi48Fe2  (II),  Ti^.jNiso.s  (HI),  Ti49Ni5i  (IV), 
Ti48.5Ni5,.5  (V),  Ti5oNi3oCu2o  (VI),  Ti5oNi4oCuio 
(VII)  the  systematical  investigations  of  functional 
properties  —  shape  memory  effect  (SME)  and 
superelasticity  (SE)  -  has  been  carried  out  at 
tension/compression  in  wide  temperature  interval 
T  =  77-673K  depending  on  orientation  of  crystal 
axis,  size,  volume  fracture  and  quantity  of  variants 
of  Ti3Ni4  particles. 

In  single-phase  single  crystals  I-V  at  B2-B19’ 
martensitic  transformation  (MT)  the  value  of  SME 
depends  on  crystal  axis  orientation  and 
deformation  way  -  tension/compression.  And 
experimental  values  of  SME  coincide  with 
theoretically  calculated  values  taking  into  account 
the  lattice  deformation  only.  Therefore,  at  T  <  Ms 
(Ms  -  temperature  of  start  of  direct  martensitic 
transformation)  at  deformation  a  single  crystal  of 
B 1 9'  martensite  arises,  which  transforms  to  single 
crystal  of  B2-phase  at  heating  higher  then  T>Af 
(Af  -  temperature  of  finish  of  reverse  martensitic 
transformation).  Superelasticity  in  single-phase 
crystals  I-III  has  not  been  observed  at 
tension/compression.  In  single-phase  single 
crystals  IV-V  superelasticity  is  observed  at 
compression  of  <00 1>  crystals,  where 
a<  1 00>  {110}  slip  in  B2-phase  is  suppressed  due 
to  zero  Schmid’s  factors,  and  the  main 
deformation  mechanism  of  B2-phase  in  this 
crystals  is  mechanical  twinning. 

Thermomechanical  treatment  of  single  crystals  I- 
III  (the  deformation  at  T  <  Ms  +heating)  leads  to 
changing  of  MT  type  from  B2-B19'  to  B2-R-B19', 
increasing  of  stress  level  of  B2-phase  and 
occurrence  of  SE.  SE  was  found  out  in  <00 1>, 
<11 1>,  <123>,  <157>  investigated,  orientations  at 
tension  in  temperature  interval  IT  =  30  K.  The 
value  of  SE  depends  on  orientation  of  crystal 
tension  axis  and  the  maximum  SE  equal  6  %  is 
observed  in  crystals  <11 1>  orientations.  At 
tension  of  <001>  crystals  the  SE  value  =  2.7  %  is 
equal  to  value  of  SME  for  quenched  crystals.  The 
value  of  SME  and  SE  in  <00 1>  crystals  means, 
that  after  the  thermomechanical  treatment  the  final 
product  after  deformation  at  T<MS  at  measurement 


of  SME  and  at  T>  Af  in  experiments  at  studying 
the  SE  is  the  same  and  represents  a  single  crystal 
of  B19'  martensite. 

In  single  crystals  of  <11 1>  orientation  after 
thermomechanical  treatment  the  size  of  SME  is 
less  those  in  quenched  state.  As  researches  of 
dislocation  structure  show  it  can  be  connected 
with  residual  twining  in  the  given  crystals  after 
thermomechanical  treatment.  Residual  twinning  in 
<11 1>  crystals,  apparently,  reduces 
crystallographical  resource  of  SME  value. 

The  physical  reason  of  SE  occurrence  in  crystals 
I-III  after  thermomechanical  treatment  is 
established  and  it  is  connected  with  origin  of 
martensite  crystals  on  dislocations  and .  increasing 
of  stress  level  of  B2-phase  with  respect  to 
quenched  crystals. 

In  crystals  VI  the  B2-B19’  martensitic 
transformation  is  observed.  The  value  of  SME  and 
SE,  their  dependence  on  orientation  and  sign  of 
applied  stresses  coincide  with  theoretically 
calculated  values  taking  into  account  the  lattice 
deformation  only.  Hence,  at  T<MS  at  deformation 
a  single  crystal  of  B19  martensite  arises  and  it 
transforms  to  B2-phase  single  crystals  at  heating 
at  T>Af. 

In  ciystals  VII  the  B2-B19-B19’  martensitic 
transformations  are  observed  and  B19-B19’ 
transformation  is  unfinished.  So,  at  cooling  at 
T<MS  and  at  Md>T>Ms  deformation  the  finish 
product  of  transformation  is  mixture  of  two 
martensitic  phases.  For  the  first  time  the 
experimental  data  of  dependence  of  SME  and  SE 
on  crystal  orientation  have  been  carried  out.  It  has 
been  found  that  volume  fracture  of  B19’  phase 
arising  at  loading  is  dependent  on  crystal 
orientation  and  way  of  deformation. 

The  aging  without  external  stress  of  single 
crystals  IV-V  results  in  precipitation  of  four 
crystallographically  equivalent  variants  of 
particles  Ti3Ni4  and  changes  mechanical  behavior 
of  the  given  crystals  in  comparison  with  a  single¬ 
phase  state.  Experimentally  it  has  been  revealed, 
that  the  precipitation  of  dispersed  particles  Ti3Ni4 
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30-440  nm  in  size  leads  to  reduction  of  SME 
value  with  respect  to  quenched  crystals  and 
occurrence  of  SE  in  all  orientations  at 
tension/compression.  The  value  of  SME,  SE  and 
temperature  interval  of  thermoelastic  MT  is 
defined  by  volume  fracture  of  dispersed  particles 
and  their  size.  It  has  been  revealed,  that  particles 
440  nm  in  size  are  the  primary  places  of  R  and 
B19’  martensite  nucleation  and  R-B19'  MT 
proceeds  in  two  stages:  at  first  -  close  to  particles, 
then  at  the  further  cooling  -  in  volume  of  material. 
The  reduction  of  distance  between  particles  and 
size  of  particles  till  30-40  nm  results  in  absence  of 
double-stage  R-B 1 9'  MT  and  shift  of  temperatures 
of  MT  in  area  of  low  values  up  to  120K,  that 
testifies  to  accumulation  of  elastic  energy  in 
material  at  origin  of  B19’  martensite  crystals, 
containing  fine  dispersed  particle.  The  distinction 
in  character  of  interaction  of  dispersed  particles 
with  ciystals  of  B19’  martensite  leads  to  changing 
of  temperature  interval  of  SE  occurrence  from  30 
K  up  to  150  K  depending  on  the  size  of  particles. 

It  is  supposed,  that  in  crystals  with  dispersed 
particles  Ti3Ni4  in  comparison  with  single-phase 
crystals  the  values  of  SME  and  SE  are  defined  by 
additional  deformation  of  martensite  crystals  by 
twinning,  that  is  necessary  for  achievement  of 
compatibility  of  martensite  deformation  of  matrix 
and  elastic  deformation  of  particles.  Morphology 
of  martensite  crystals  and  type  of  twinning  alter  in 
crystals  with  particles  in  comparison  with  single¬ 
phase  one.  It  is  revealed  experimentally,  that  in 
aging  single  crystals  IV-V  of  titanium-nickel  plate 
martensite  is  formed,  instead  of  usually 
observable  triangular  self-accommodated 
microstructure  [1],  The  basic  type  of  twinning  of 
martensite  in  crystals  with  particles  represents 
compound  twinning  (001)  [100]  [2],  whereas  in 
single-phase  crystals  twinning  is  realized  as  type  I 
(-111),  (011)  and  type  II  [Oil].  It  is  possible  to 
consider  compound  twinning  as  “geometrically 
necessary  twinning”  for  preservation  of 
compatibility  on  "particle  -  matrix"  boundary  at 
MT  [2].  In  single-phase  crystals  untwinning  of 
martensite  B 19*  crystals  occurs  completely  as  in 
experiments  on  change  of  SME  at  deformation  at 
T  <  Ms  as  at  deformation  at  T>  Ms.  In  aged 
crystals  particles  interfere  with  complete 
untwinning  of  B19  '  martensite  crystals  and  it 
results  in  reduction  of  SME  value  and,  hence,  it 
fails  to  receive  a  single  crystal  of  B 19'. 

Loops  of  SE  in  aged  single  crystals  of  titanium- 
nickel  have  asymmetrical  view  showing  that  the 


processes  of  origin  and  disappearance  martensite 
under  external  loading  proceed  not  in  strict  return 
sequence.  With  growth  of  test  temperature  the 
reduction  of  value  of  mechanical  hysteresis 
has  been  revealed.  The  speed  of  collapse  of  SE 
loop  in  crystals  with  fine  particles  30  nm  in  size  is 
larger  than  in  crystals  with  large  particles  100-440 
nm  in  size. 

The  aging  under  stress  of  single  crystals  IV-V 
<11 1>,  <01 1>  orientations  allows  to  receive 
structures  containing  one  and  two  variants  of 
particles  Ti3Ni4,  accordingly.  The  reduction  of 
number  of  variants  of  dispersed  particles  results  in 
reduction  of  shape  memory  effect  and 
superelasticity  values.  Aging  under  loading  at 
823K  for  1.5  hours,  the  size  of  particles  440  nm 
lead  to  shift  of  martensite  transformation  points 
into  the  area  of  higher  temperatures,  reduction  of 
critical  stresses  in  Ms  point  and  inducing  of  a 
temperature  interval  of  SE  occurrence.  The 
precipitation  of  one  variant  of  particles  40  nm  in 
size  at  aging  673K  for  1.5  hours  leads,  on  the 
contrary,  to  shift  of  MT  points  in  area  of  lower 
temperatures,  more  significant  hardening  of  62- 
phase  and  increase  of  a  temperature  interval  of  SE 
from  120  K  up  to  135  K. 

The  micromechanical  model  of  martensite 
transformation  development  in  heterophase 
crystals  of  titanium-nickel  has  been  developed.  It 
has  been  shown,  that  the  important  moment  in 
management  of  functional  properties  -  shape 
memory  effects  and  superelasticity  -  in  aged 
single  crystals  of  titanium-nickel  is  the 
mechanism  of  interaction  of  martensite  crystals 
with  dispersed  particles  and  performance  of 
compatibility  conditions  on  boundary  "martensite- 
particle". 
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The  modem  carbon  materials  such  as  graphite  of 
high  density,  synthetic  carbon  fibers  and  fabrics, 
pyrographite  which  were  developed  during  last  50 
years,  have  unique  technical  properties  especially 
valuable  for  high-temperature  technologies. 

So,  in  a  range  of  temperatures  1500-1700  °C 
when  short-term  tensile  strength  for  the  majority 
of  known  refractory  materials  falls  up  to  zero, 
durability  of  graphite  rises  and  at  diapason  2400- 
2600  °C  nearly  into  two  time  above  than 
durability  of  it  at  temperature  of  room. 

Due  to  high  durability,  of  thermal  conductivity 
and  low  module  of  elasticity  and  small  value  of 
temperature  factor  of  linear  expansion  of  graphite, 
its  thermostability,  appreciated  as  the  relation  of 
product  of  durability  and  heat  conductivity  to 
factor  of  linear  expansion  and  the  module  of 
elasticity,  on  two  -  four  order  is  higher,  than  of 
carbides  and  the  most  fire-resistant  oxides. 

At  the  temperature  higher  1000  °C  thermal 
conductivity  of  dense  graphite  of  one  order  with 
thermal  conductivity  of  metals,  but  at  pyrocarbon 
and  graphite  fabrics's  is  lower,  than  at  fire- 
resistant  oxides.  The  true  density  of  carbon 
materials  of  various  structure  of  interatomic  bonds 
changes  from  1400  up  to  2200  kg/m3,  and  specific 
volumes  of  these  graphite  differs  in  2-3  times. 

The  characteristic  of  various .  graphite  to 
accumulate  heat  have  wider  range  in  the  field  of 
high  temperatures,  than  all  group  of  fire-resistant 
materials.  Evaporation  of  graphite  in  vacuum  at 
temperature  up  to  2000  °C  does  not  exceed 
million  shares  of  gram  from  square  centimeter. 

Surprises  a  unique  variety  of  structure  and 
properties  of  such  materials  as  "graphites" 
containing  only  one  chemical  element  -  carbon  of 
the  condensed  condition  and  the  fact  of  their 
theoretical  unpredictability.  Our  surprise  amplifies 
the  opening  of  new  kinds  of  crystal  carbon,  as,  for 
example,  icosahedral  C$o,  so-called 
«buckminsterfullerene»  [1]. 

In  author  opinion  the  reason  of  it  is  inadequate 
reflection  by  out-of-date  but  still  prevailing 


theoretical  structural  models  of  parameters  of 
interatomic  connections  in  carbon  of  various 
electronic  configurations  [2]. 

Backlog  of  the  theory  from  experimental 
researches  and  practice  constrains  development  of 
new  carbon  materials  and  their  wide  application  in 
high-temperature  technologies. 

First  of  all  it  is  connected  to  oxidation  and  by 
destruction  of  carbon  materials  when  they  heat  in 
air.  It  creates  technological  problems  of 
manufacturing  of  carbon  products  of  high 
accuracy. 

The  most  simple  way  of  manufacturing  of  such 
products  might  be  process  of  compressing  on 
model  of  compositions  of  carbon  filler  (grains, 
powder,  fiber,  fabrics)  and  of  thermosetting  resin 
in  the  inert  environment.  However  in  consequence 
of  elasticity  of  a  composition  at  pressing  and 
changes  of  volume  of  resin  at  heating  not 
controllable  deviation  of  the  final  size  of  a  product 
(Vj)  from  nominal  (V„)  will  take  place  always. 

Allocation  of  gases  at  plastic  condition  of  resin 
results  in  increase  of  volume  of  a  composition  at 
an  initial  stage  of  heating.  At  a  stage  of  roasting 
and  cooling  a  product  not  controllable  reduction 
of  volume  (shrinkage)  follows.  On  the  figure  1  the 
combined  modeling  diagram  of  volumetric 
changes  of  product  at  various  technological  stages 
is  given: 


AVd  -  dynamic  (elastic)  increase  of  volume; 

AVn  -  increase  of  volume  in  consequence  of 
decomposition  of  resin  at  heating; 

AVt2  -  thermal  reduction  of  volume  (shrinkage)  at 
stage  of  carbonization  of  resin; 
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AV T3  -  thermal  reduction  of  volume  at  cooling  a 
product; 

From  the  given  diagram  follows,  that  the  final 
volume  of  a  product  (Vf)  will  be  equal  to  the 
algebraic  sum  of  components: 

Vj=Vn  +  AVd  +  AVr,  -  AVn  -  AVn 

Thus  a  maximum  of  a  gain  of  volume  (20%) 
corresponds  to  temperature  250-300  °C. 

The  preventing  of  a  gain  of  volume  was  put  into 
practice  by  way  of  heating  of  product  directly  in 
rigidly  fixed  volume  of  equipment  at  temperature 
which  corresponds  to  maximum  of  a  gain  of 
volume  VT,  [3].  Fig.2 


The  received  products  precisely  reproduced  the 
sizes  and  a  spatial  configuration  of  form-building 
equipment  and  kept  stability  of  properties  at 
operation  in  a  range  of  temperatures  of  heat 
treatment.  However  at  higher  temperatures  at 
carbonization  of  resin  there  is  not  controllable 
reduction  of  volume  (shrinkage). 

Thus  the  volume  of  resin  of  a  composition 
decreases  on  40-50%  that  breaks  its  safety  margin 
and,  as  consequence,  under  action  of  elastic  forces 
of  graphite  materials  causes  deformation  and 
destruction  of  a  product. 

For  thermosetting  resins  of  furan  both  an  aromatic 
series,  the  volume  and  weight  and  consequently 
also  durability  of  coke  depend  on  content  of 
oxygen  in  their  chemical  structure,  which  oxidizes 
carbon  of  resin.  According  to  theoretical 
calculation  and  experiment  the  content  of  oxygen 
in  hard  furan  resins  up  to  24%  that  reduce 
formation  output  of  coke  on  30-40%  in 
comparison  with  theoretical  calculation  for 
conditions  of  absence  of  internal-molecular 
oxidation  of  carbon. 

The  temperature  of  disclosing  of  double  bonds  of 
furan  and  oxidation  of  carbon  is  revealed  by  the 
thermic  analysis  in  a  range  420  -  440  °C. 


Synchronism  of  peaks  of  loss  of  weight  (DTGA) 
and  heat  (DTA)  is  the  convincing  proof  of 
legitimacy  early  the  executed  theoretical  calcu¬ 
lations  of  energy  of  transformation  of  two  double 
carbon  bond  of  furan  cycle  in  four  ordinary  [4], 

In  this  connection,  the  important  practical 
problem  is  prevention  of  oxidation  of  resins  by 
own  oxygen  and,  as  consequence,  increase  of 
density  and  durability  of  a  product. 

The  decision  of  this  problem  would  be  found  by 
selection  of  the  additive  to  resins  which  actively 
connected  oxygen  of  resin  and  was 
simultaneously  chemically  built  in  periphery  of 
valents  bonds  of  the  condensed  carbon. 


It  is  of  interest  to  consider  the  possibility  of 
application  of  the  theory  of  structural  models  of 
an  electronic  configuration  of  atoms  of  substance 
of  the  additive  to  resin  to  choose  the  most 
suitable.  As  the  closest  analogue  for  an  electronic 
configuration  of  carbon  (2s'2p3)  is  boron  (2s'2p2). 
The  thermal  analysis  has  confirmed  the 
assumption,  that  boron  actively  connected  oxygen 
of  resin  in  heat-resistant  and  to  oxidation  of 
structures  (-  C  -  B  -  O  -  B  -  C  -)  given  on  figure3. 
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Fig.3 


Behind  the  stated  technology  various  precision 
products  such  as  frictional  disks  of  coupling,  of 
protective  signalling  screens  of  melting  furnaces, 
of  foundry  forms  for  refractory  d-metals  IV-V  of 
groups  were  made. 
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ANTIFRICTION  Fe-Cu-S-P  ALLOYS  AS  BRONZE  SUBSTITUTES  FOR 

SLIDER  BEARINGS 
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It  is  argued  that  one  of  the  most  urgent  tasks  of 
materials  science  is  the  improving  of  wear- 
resistant  properties  of  various  mechanisms  and 
units,  and  enhancing  their  performance. 
Composites  made  up  of  metallic  (base)  and  non- 
metallic  (solid  lubricants)  parts  obtained  with 
cost-effective  casting  technology  seem  to  be  the 
most  promising  materials  for  that  matter. 

The  rationale  for  the  current  research  is  the  idea 
that  one  can  obtain  solid  lubricants  (M0S2,  WS2, 
graphite)  in  Fe-C  alloys  structure.  The  study  of 
the  properties  of  simple  and  complex  sulfide 
compounds  as  well  as  pertinent  thermodynamic 
calculations  made  it  possible  to  choose  a  certain 
system  of  alloying  elements.  Due  to  the  changes 
in  thermodynamic  potential,  the  most  likely 
compounds  housing  simple  and  complex  sulfides 
to  be  formed  when  obtaining  Fe-C-Cu-S-P  alloys 
have  been  identified.  MnS,  CujFeS4,  CuFeS2,  FeS, 
Cu2S,  compounds  forming  in  Fe-C-Cu-S-P  alloy 
structure  at  cooling  and  crystallizing  were  found 
to  have  the  lowest  free  energy  and  thus  improved 
stability  when  being  cooled  within  the  1000-25°C 
temperature  range. 

The  influence  of  alloying  elements,  C,  and  also 
thermal  processing  on  the  specific  characteristics 
of  heterogeneous  structure  of  Fe-Cu-S-P  alloys 
was  studied.  Steel-based  alloys  containing  ~0,2% 
of  C  have  ferrite-perlite  matrix.  Their  structure 
houses  compact,  evenly  distributed  inclusions  of 
Cu  phase,  as  well  as  complex  non-metallic  sulfide 
inclusions.  The  increase  of  C  content  in  the  alloys 
up  to  ~1%  causes  certain  changes  in  alloy  base 
(the  latter  is  turns  from  ferrite-perlite  to  perlite 
structure).  As  a  result,  the  alloys  hardness 
increases.  Employing  thermal  processing 
(quenching  with  tempering)  in  the  experimental 
samples  has  revealed  some  changes  in  alloys  base 
structure,  and  leads  to  the  considerable  increase  in 
hardness  (3000  to  5800  MPa).  The  phase  structure 
analysis  with  X-ray  microspectroscopy  and  X-ray 
microstructure  techniques  has  shown  that  Cu 
inclusions  are  in  fact  Cu-based  solid  solutions. 
The  composition  of  non-metallic  sulfide 
inclusions  is  made  up  of  CusFeSg,  Cu2S,  CusFeS^t, 


FeS,  MnS  compounds.  The  highest  concentration 
of  Cu5FeS6,  Cu2S  is  obtained  in  Fe-Cu  alloys  by 
means  of  >1%  S  and  >0,4%  P  alloying.  The 
mentioned  compounds  have  in  most  cases 
hexagonal  lattice  with  a  high  c/a>2,7  correlation 
and  600-1400  MPa  hardness.  Thus,  the 
compounds  may  well  be  used  as  solid  lubricants. 
The  main  structure  parameters  of  sulfides  were 
obtained  with  X-ray  structure  analysis  (see 
Table  1.) 

Table  1 

Parameters  of  sulfide  inclusions  in  alloys 


Compund 

Lattice 
parameters  A 

Type  of  lattice 

Cu5FeS6 

a=3,894 
c=  17,403 
c/a=4,469 

Hexagonal 

Cu2S 

a=4,012 
c=l  1,213 
c/a=2,795 

Hexagonal 

FeS 

a=6,012 
c=  11,803 
c/a=  1,963 

Hexagonal 

Cu5FeS4 

8=11,08 
c=22,129 
c/a=  1,997 

Tetragonal 

The  wear-resistant  properties  of  the  alloys  were 
studied  on  the  basis  of  Fe-Cu-S-P  alloys  structural 
characteristics.  Cu  and  non-metallic  sulfide 
inclusions  parameters  were  also  taken  into 
consideration.  The  dominant  influence  of  mean 
area  and  the  mentioned  phases  (Fig.  1,  2)  in  the 
alloyed  structure  of  sulfide  inclusions  structure  on 
wear-resistant  properties  of  the  alloys  have  been 
identified.  The  study  of  the  working  surface  of 
friction  pair  has  revealed  the  processes  of  Cu  and 
sulfides  mass  transfer  on  the  surface  of  mated 
sample. 

The  study  of  load  influence  (5  to  25  Mpa)  has  also 
been  performed.  Thus  we  could  identify  the  range 
alloying  elements  content  that  make  for  high 
wear-resistant  properties  of  the  alloys  (1,5  times 
higher  than  those  of  bronze). 
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Fe-Cu-S-P  alloys  under  study  have  shown  high 
wear-resistant  (antifriction)  properties  not  only 
due  to  Cu  content,  but  also  to  the  effect  of  solid 
lubricant  on  the  basis  of  non-metallic  sulfide 
inclusions  in  the  alloy. 
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Fig  1.  The  influence  of  Cu  amount  on  the  wear- 
resistant  properties  of  the  alloys  under  conditions 
of  oiled  friction  (H-20  oil)  and  lOMpa  load:  1- 
sample  wear;  2-  friction  pair  wear;  3-  alloys 
hardness;  4-content  of  Cu-phase,  %;  5-  content  of 
non-metallic  sulfide  inclusions,  %; 


inclusions  in  Fe-Cu-S-P  alloys  on  alloys 
castability  (fluidity)  and  linear  shrinkage  was  also 
considered.  Taking  into  account  physical  and 
chemical  processes  of  Fe-Cu-S-P  alloys  casting, 
the  impact  of  frequent  remelting  of  the  alloys  on 
their  chemical  content  changes  and  structural 
characteristics  (amount,  mean  area,  content)  of  Cu 
and  sulfide  inclusions  has  been  studied.  Such 
inclusions  are  crucial  for  technological  properties 
of  Fe-Cu-S-P  alloys  and  their  performance. 
Prospects  for  the  possibility  of  Fe-Cu-S-P  alloys’ 
reprocessing  and  recovery  have  also  been 
outlined. 
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Fig.  2.  The  influence  of  S  amount  on  the  wear- 
resistant  properties  of  the  alloys  under  conditions 
of  oiled  friction  (H-20  oil)  and  lOMpa  load:  1- 
sample  wear;  2-  friction  pair  wear;  3-  alloys 
hardness;  4-content  of  Cu-phase,  %;  5-  content  of 
non-metallic  sulfide  inclusions,  %;; 


The  technological  properties  of  the  alloys  were 
also  studied.  The  temperature  regime  of  casting 
Fe-Cu-S-P  alloys  was  also  identified.  The 
influence  of  alloying  elements  on  liquidus,  solidus 
temperatures  and  crystallization  interval  was 
addressed.  The  dominant  influence  of  sulfide 
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REFRACTORY  CONCRETES  OF  INCREASED  HARDNESS  AND  HEAT 

RESISTANCE 

Tropinov  A.,  Tropinova  I. 

Scientific  private  company  «ALINEKA»,  Kiev,  Ukraine 


The  introduction  of  new  types  of  burners,  fur  - 
naces  (f.ex.:  a  primary  furnace),  fuel  (f.ex.: 
biofuel)  leades  to  the  change  of  the  field  conditi  - 
ons  of  the  thermo  sets:  temperature  elevation  and 
air  -  blast  gas  mixtures  speed  with  the 
simultaneous  increase  of  abrasive  impact  of 
incombustible  particles,  slags,  etc.  Besides,  in  this 
case,  great  demands  are  made  of  heat  resistance. 
The  use  of  traditional  lining  materials  such  as, 
fireclays  or  refractory  chamotte  concrete  on 
alumina  cement  doesn’t  meet  the  changed  used 
conditions  in  view  of  low  thermomechanical 
properties,  that  lead  to  the  frequent  shut  -  downs 
for  lining  repair  [1], 

In  the  connection  with  the  above  —  said,  the 
compositions  of  the  dry  -  shake:  BRAB50T15* 
for  the  refractory  concrete,  the  properties  of  which 
are  indicated  lower,  have  been  worked  out. 
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Fig.  1 .  The  dependance  of  compressive  strength  of 
refractory  concrete  on  temperature  heating:  1  - 
BRAB50T1 5*;  2  -  refractory  concrete  Ns  19  [2] 

The  dry  shake  BRAB50T15*  is  the  composition 
of  gray  -  white  colour,  consisted  of  aluminate 
cement  and  aggregates,  fractions  from  0,2  mkm  to 
7  mm  of  aluminosilicate  mix.  Dry  shakes  samples 
have  been  produced  and  tested  on  standard 
technique  [  3  ].  In  the  aim  of  the  received  data 
comparisson,  the  traditionally  used  concrete 
samples  (composition  Ns  19)  on  Pashiysk  EME 
alumina  cement  and  class  «SHA»  chamotte 
aggregate,  0-20  mm  fraction  have  been 
produced  and  tested. 

The  concrete  average  density  after  hardening 
constitutes  p=2480  kg/m3, after  drying  (t=105°C)  - 
p=2 1 60  kg/m3.  BRAB50T15*  mark  density  is  in 
1,44  times  higher  in  comparisson  with  concrete 


based  on  alumina  cement  and  is  being  explained 
by  formation  of  resistance  hidroaluminate  CAH|0 
aggregates  (peaks  of  high  intensity  A=14,3;3,56 
and  2,55  mkm)  in  contact  hardening  zone.  The 
samples  heating  t=105°C  (drying  up  fixed  mass 
leads  to  11%  strength  decrease,  that’s  explained 
by  physically  connected  water  removal  and 
hidroaluminate  CAH]0  modification  into  C2AH8 
and  C3AH10,  that’s  proved  by  high  peaks, 
correspondently:  A=10,7;2,87;2,55;l,67  and 

A=5,14;2,30;2,23;2,04,  less  strengthable  on  data 
[4], The  temperature  heating  increase  to  t=1000°C 
leads  to53,8%  strength  decrease  in  comparison 
with  mark  strength  and  explained  by  formation  in 
the  cement  stone  on  the  contact  zone  with 
aggregates: the  main  phaze,  possibly  a-Al2Ch 
A=2,54;2, 08;  1,59;  1,37  mkm  and  CA2  (peaks 
A=4,44;2,88;2,71  and  2,61  mkm),  as  well  as  the 
small  portion  of  C2AS  (peaks 
A=2,85  ;2,43  ;2,4 1  ;2,40  mkm)  and  three- wedged 
anorthite  CAS2  (peaks  A=3,20;2,95;2,51;l,83 
mkm).  It’s  necessary  to  stress  that  the  worked  out 
composition  posseses  much  less  strength  loss  in 
comparison  with  the  concrete  based  on  alumina 
cement,  that  testifies .  to  dehydration  of 
hydrosilicate  without  structure  breakdown, 
proving  results  [3].  BRAB50T15*concrete 
strength,  after  heating  up  to  t=1400°C,  is 
increased  in  28%  in  comparison  with  the  strength 
under  t=T000°C,  that’s  explained,  possibly,  by  a 
small  structure  seal  (shrinkage  0,37%)  and  stable 
properties  a-Al203  and  CA2  in  this  temperature 
range  that  proves  data  [4],  as  well  as  in  126% 
higher  of  concrete  strength  based  on  alumina 
cement.  Deformation  temperature  strain  0,2Mpa 
makes  up  :HP-1290°C,  4%-  1480°C  that 

corresponds  to  the  15class  maximum  tolerance 
temperature  of  use  (t=1500°C)  and  200°C  higher 
in  comparison  with  the  concrete  based  alumina 
cement.  The  thermal  linear  expansion  coefficient 
in  the  temperature  range  of  t=  105  -  1 100°C  makes 
in  the  limit  a=4,8-7,lxlO'6x°C''.  The  coefficient  of 
heat  conduction  depends  on  temperature:  under 
t=20°C  makes  l,78Wt/mK,  and  under  heating 
t=100-1100°C  changes  in  the  limit  of:  0,54-1,82 
Wt/mK.  The  distinctive  feature  of  the  refractory 
concrete  BRAB50T15*  is  increased  heat 
resistance  and  hardness.  The  heat  resistance. 
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defined  according  to  the  standard  technique  [  3  ], 
has  made  46  water  heat  changes,  that  corresponds 
to  the  class  T|45  and  higher  of  the  concrete  based 
on  the  alumina  cement  on  25  water  heat  changes 
and  explained  by  “fragmental”  structure,  that 
presuppose  higher  prolongivity  of  the  concrete  use 
in  the  conditions  of  often  shut  -  downs  on  the 
cause  of  technological  necessity  (a  boiler  furnace 
cleaning  from  slag,  based  on  biofuel,  as  well  as 
the  fall  of  the  output,  electric  power,  etc.  The 
concrete  hardness  has  been  defined  on  cube 
samples  7,07  mm  on  edge,  by  heating  procedure 
(t=105  -  1400°C)  and  the  following  definition  on 
Moos  scale.  It  has  been  determined,  that  concrete 
hardness  in  this  temperature  interval  is  being 
changed  in  the  range  of  9,0  -  8,5,  that  is  2,5  units 
higher  of  analogical  concrete  indicator  based  on 
alumina  cement  and  testifies  the  raised 
BRAB50T 1 5  *concrete  hardness,  explained  by 
high  hardness  of  aggregates  and  contact  zone,  the 
aggregate  -  cement  stone,  probably:  hardness  CA2 
-  6,5;a-Al203  -  9,0;  that  presuppose  the  high 
longlivity  as  well. 

Thus,  laboratory  tests  have  proved  higher 
thermomechanical  properties  in  the  comparison 
with  chamotte  concrete  based  on  alumina  cement. 
The  technological  properties  check  in  the 
condition  of  working  production  has  been  done 
during  primary  furnace  production  (the  furnace  of 
the  “complex”  geometry)  El/9  of  Dvurechye 
elevator  (Dvurechye,  Ukraine)  and  private  firm 
“VAG”(AIchevsk,  Ukraine).  The  dry  shake 
BRAB50T15*  has  been  produced  at  the  company 
plant,  packed  into  polipropylene  bags  of  75 
kg/bag  and  dispatched  to  the  above  mentioned 
installation.  The  refractory  concrete  has  been 
produced  from  the  dry  shake,  the  hardness  of 
which  equalls  20  sec  and  placed  into  the 
formwork  (table  2).  The  concrete  strength  after  3 
days  of  hardening  (t=7  -  1 1°C)  made  R=48,9  MPa 
(with  9%  errow  and  explained  by  the  use  of  the 
gravity  type  concrete  mixer,  that  lead  to  the  17% 
water  overexpenditure.  The  concrete  longlivity 
has  made  2,5  years  that  is  in  2,2  times  higher  than 
the  chamotte  refractory  primary  furnace.  Primary 
furnaces  are  intended  for  buck  -  wheat  husks 
burning  and  in  the  process  of  operation  are 


undergone  by  high  temperature  (t=1380  - 
1 500  C),  frequent  shut  -  downs  (putting  in 
operation  service),  electricity  switchingoffs,  non  - 
bum  husks  abrassive  wear.  High 
thermomechanical  properties  are  proved  in 
production  conditiones,  that  have  given  way  to 
dry  shakes  introduction  at  37  Ukraine  and  foreign 
(Belorussia)  installations:  boiler  sets  components, 
oil  -  processing  and  shaft  furnaces. 

Conclusion: 

1.  The  lining  material  has  been  produced  and 
characterized  by  ductility  properties  at  the 
production  stage,  that  allows  to  produce  “complex 
geometry”  lining. 

2.  The  correspondence  of  high  thermomechanical 
properties  of  refractory  concrete  to  the  operation 
conditions  determines  high  lining  longlivity  and 
the  repair  as  a  whole. 


Fig.  2.  Refractory  concrete  placement  into  the 
El/9  boiler  primary  furnace,  Dvurechye,  Ukraine 
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BHATIA  -  THORNTON  STRUCTURE  FACTORS  FOR  LIQUID  ALKALI- 
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From  the  practical  point  of  view,  investigation  of 
alkali  metals  melts  used  as  coolants  in  different 
areas  of  industry  is  interested. 

For  binary  alloys  the  study  of  the  Bhatia-Thomton 
[1]  structure  factor  “concentration 
concentration”  in  the  long- wave  length  limit, 
Scc( 0),  is  important,  since  its  dependency  on 
alloy  composition  is  connected  with  a  tendencies 
for  phase  separation  or  strong  association  in 
system. 

We  investigate  S'cc(O)  for  Na-K,  Na-Cs,  Na-Rb, 
K-Rb,  K-Cs  and  Rb-Cs  systems  at  T=373K 
theoretically.  For  this  aim  the  local  Animalu- 
Heine  [2]  model  pseudopotential  and  variation 
method  [3]  of  the  thermodynamic  perturbation 
theory  are  used.  Exchange  -  correlation  function 
is  considered  in  the  Vashishta  —  Singwi  [4] 
approximation.  Earlier,  this  method  was 
successfully  used  on  thermodynamics  study  for 
the  systems  under  consideration  [5,6]. 

Obtained  results  are  represented  in  Fig.  1-6. 


Fig.l.  Scc( 0)  for  Na-K  system  at  T=373K. 

— —  Our  calculation  - Experiment  [7] 

......  Experiment  [8]  •  Experiment  [9] 


1.5  i 


Fig.2.  Scc(0)  for  Na-Cs  system  at  T=373K. 

. Our  calculation  .......Experiment  [10] 

-  Experiment  [11]  •  Experiment  [12] 


Fig.3.  5'cc(0)  for  Na-Rb  system  at  T=373K. 

. .  Our  calculation 

-  Calculation  from  [13] 


In  the  most  cases  a  good  agreement  of  our  results 
with  experimental  data  and  other  theoretical  results 
is  achieved. 
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Fig.4.  Scc(O)  for  K-Cs  system  at  T=373K. 
“  Our  calculation 

-  Calculation  from  [13] 

O  Experiment  [14] 


Fig.5.  Sfcc(O)  for  K-Rb  system  at  T=373K. 
■  Our  calculation 
-  Calculation  from  [13] 

0,4 


Cpb 


Fig.6.  Scc(O)  for  Rb-Cs  system  at  T=373K. 
Our  calculation 
Calculation  from  [13] 
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SYNTESIS  AND  SOME  CHARACTERISTICS  OF  THE  BNC  -  BASED  SHS 

COMPOSITE 

Bunin  V.A.,  Borovinskaya  I.P.,  Senkovenko  M.Yu. 
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Investigation  of  a  ceramic  boron  carbonitride 
composite  obtained  by  the  method  of  furnace 
sintering  has  proved  [1,2]  that  it  is  characterized 
by  high  electroinsulating  properties,  excellent 
resistance  to  melted  metals,  alloys,  slags,  and 
salts. 

So,  this  system  is  of  great  interest  due  to  possible 
production  of  a  promising  ceramic  material  which 
is  inert  to  an  aggressive  medium  and  resistant  to 
high  temperatures.  Boron  carbonitride  composite 
can  be  obtained  by  the  method  of  self-propagating 
high-temperature  synthesis  [3]  which  allows 
forming  material  structures  in  the  combustion 
wave;  the  structures  differ  from  those  of  the 
conventional  ceramics  [4,5], 

Within  our  work  we  investigated  synthesis  of 
boron  carbonitride  ceramics  under  the  mode  of 
layer-by-layer  infiltration  combustion  of  boron 
and  carbon  mixtures  in  nitrogen,  phase 
composition,  elctroconducting  and  mechanical 
properties  of  the  product. 

Amorphous  boron,  lamp  black,  gaseous  nitrogen 
(extra  pure),  and  boron  carbide  were  used  as 
initial  materials.  The  powders  were  mixed  in  ball 
mills.  Cylindrical  samples  were  made  of  the  green 
mixture  by  a  gasostatic  method.  The  samples  were 
30  mm  in  diameter,  50  mm  in  height.  The 
synthesis  was  carried  out  at  nitrogen  pressure 
ranging  from  40  to  200  MPa. 

The  synthesis  was  realized  by  two  reactions: 

B  +  C+1/2N, - >  BNC  (1) 

B  +  B4C  +  N2 - >  BNC  +  B4C  (2) 

Within  our  investigations  we  determined  a 
dependence  of  the  combustion  rate  on  the  initial 
composition.  Also,  we  studied  the  influence  of 
nitrogen  pressure  on  the  combustion  rate.  It  is 
shown  to  be  dependent  on  the  gaseous  reagent 
pressure.  Minimum  nitrogen  pressure  necessary 
for  realization  of  stationary  self-sustaining 
combustion  is  40  MPa.  If  the  pressure  is 
increased,  the  combustion  rate  grows. 


The  final  product  composition  was  studied  by  the 
methods  of  X-ray  and  chemical  analyses.  The 
product  composition  was  obviously  dependent  on 
the  initial  mixture  composition  and  synthesis 
terms.  The  product  composition  and 
electroconducting  properties  are  shown  in  the 
Table  below. 


Product  characteristics 


Synthe¬ 

sis 

method 

Product  composition, 
mass  % 

Specific 

resistance 

Ctotal 

Cfree 

®  total 

Bfree 

N 

(T=20°C) 
Ohm  cm 

SHS 

8.8 

0.2 

45.3 

0.42 

38.6 

4  10J 

SHS 

12.2 

0.4 

46.6 

0.24 

36.7 

4  10' 

SHS 

25.9 

0.6 

30.3 

0.17 

39.1 

(0.5-3. 2)x  10'1 

SHS 

27.6 

0.7 

29.9 

0.15 

37.9 

(1.7-7.4)x  10'1 

Furnace 

method 

32.9 

30.9 

- 

36.6 

>10u 

We  can  see  that  the  samples  have  insignificant 
content  of  free  carbon,  it  is  proved  by  DTA.  IR 
analysis  shows  the  existence  of  C-C  fragments  (a 
line  at  1390  cm'1)  and  B-N  fragments  (a  line  at  825 
cm'1).  When  we  were  studying  the  specific 
resistance  of  the  products,  we  observed  some 
unusual  data  in  comparison  with  the  conventional 
ones  known  from  the  literature.  So,  taking  into 
account  the  data  of  chemical,  thermogravimetric 
analyses  and  specific  resistance  of  the  samples,  we 
can  conclude  that  the  composite  is  not  a 
mechanical  mixture  of  hexagonal  boron  nitride 
with  carbon.  The  results  of  the  composite 
investigation  by  the  X-ray  structure  method  prove 
that  there  is  no  interplanar  expansion  between  the 
layers.  It  contradicts  the  supposition  of  carbon 
penetration  into  the  interplanar  area.  That  is  why, 
we  can  suppose  that  the  monolayers  of  the 
synthesized  composite  are  either  hexagonal  rings 
of  B-N  structure  and  these  rings  form  block 
fragments  with  C-C,  or  cluster  distribution  of 
carbon  which  in  the  case  of  a  definite  carbon 
concentration  leads  to  formation  of  percolation 
cluster. 
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Therefore,  a  significant  percentage  of  bound 
carbon,  this  carbon  stability  at  burning  out, 
abnormal  specific  resistance  of  the  sample  with  28 
mass  %  of  carbon  prove  that  under  the  SHS 
conditions  unordinary  boron  carbonitride  is 
formed.  The  peculiarities  of  the  SHS  method 
(nonequilibrium,  short  times  of  the  process,  high 
temperatures,  and  high  pressure  in  this  case)  allow 
us  to  assume  that  variation  of  these  conditions  can 
result  in  formation  of  unusual  structures  in  the  case 
of  the  trisystem  of  BNC. 

The  results  obtained  in  specific  resistance  prove 
this  idea  and  substantiate  the  research  in  this 
direction.  Besides,  an  additional  treatment  of  the 
nonequilibrium  structures  formed  should  lead  to 
obtaining  of  novel  materials  with  unusual 
properties. 
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EFFECT  OF  ALUMINIUM  ON  SLIP  AND  TWINNING  IN  HADFIELD 

STEEL  SINGLE  CRYSTALS 
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Siberian  Physical  -Technical  Institute,  Tomsk,  Russia 


At  single  crystals  of  Hadfield  steel  Fe-13Mn- 
1.3C,  wt.%  with  low  stacking  fault  (SF)  energy 
(□SF  =  0.023  J/m2)  and  Fe-13Mn-2.7Al-1.3C, 
wt.%  the  investigations  of  stages  of  plastic  flow, 
strain-hardening  coefficients  (SHC)  and 
mechanism  of  deformation  depending  on 
orientation  of  tension  axis  and  way  of  deformation 
(tension/compression)  have  been  carried  out  at 
room  temperature  of  test  using  the  methods  of 
optical  and  electron  microscopy.  X-ray 
diffraction. 

Experimentally  it  has  been  shown  that  the 
combination  of  low  stacking  fault  energy  and  high 
level  of  friction  forces  (due  to  high  concentration 
of  carbon  atoms)  in  Hadfield  steel  results  in 
development  of  mechanical  twinning  from  the 
beginning  of  plastic  flow  at  tension  at  room 
temperature.  In  [l  1 1]  single  ciystals  of  Hadfield 
steel  from  the  beginning  of  plastic  flow  the 
deformation  develops  by  twinning  in  several 
systems  simultaneously  with  high  value  of  SHC. 
In  [oil]  orientation  of  Hadfield  steel  without 
aluminium  the  plastic  deformation  develops  in 
two  stages:  the  first,  with  low  strain-hardening 
coefficient,  is  connected  with  development  of 
deformation  by  twinning  in  primary  system,  the 
second  -  with  interaction  of  twins  in  several 
systems  simultaneously.  The  axis  of  single  crystal 
during  all  plastic  deformation  goes  to  direction  of 
[Ill]  pole  -  twinning  in  primary  system.  SHC  at 
the  second  stage  of  hardening  is  as  well  as  in 
[Ill] crystals,  hence,  the  high  speed  of  hardening 
is  defined  by  hardening  on  boundaries  and  in  body 
of  twins  at  their  intersection  [1,2]. 

It  has  been  shown  that  the  increase  of  i  sf  up  to 
0.04830.005  J/m2  at  alloying  with  aluminium  [3] 
results  in  change  of  the  deformation  mechanism 
of  Hadfield  steel  from  twinning  to  slip.  In 
[ill] single  crystals  of  Hadfield  steel  with 
aluminium  from  the  beginning  of  plastic  flow  the 
deformation  develops  by  slip  in  several  systems 
simultaneously  with  high  value  of  the  SHC, 
exceeding  the  SHC  in  Hadfield  steel  without 
aluminium,  where  the  deformation  is  realized  in 
several  systems  of  twinning  from  the  yield  stress. 


The  thin  twins  in  several  systems  after  10  %  of 
deformation  experimentally  have  been  found  out, 
at  preservation  of  slip  as  a  basic  mechanism  of 
deformation.  Alloying  with  aluminium  results  in 
suppression  of  twinning  in  single  crystals  of 
[Oil] orientation.  The  deformation  develops  with 
the  high  SHC  from  the  beginning  of  plastic 
deformation,  stage  with  low  strain-hardening 
coefficient  is  not  observed.  The  axis  of  single 
crystal  at  deformation  moves  in  [Toi]  direction  - 
slip  in  primary  system.  Thus,  the  increase  of  SF 
energy  results  in  suppression  of  deformation  by 
twinning  in  [ill],  [oil]  orientations,  where 
twinning  acts  as  the  basic  mechanism  of 
deformation  in  Hadfield  steel  without  aluminium. 

In  Hadfield  steel  without  aluminium  in  [l23] 
crystals  the  change  of  the  deformation  mechanism 
from  slip  in  one  system  to  twinning  mainly  in  one 
system  is  observed  and  it  is  proved  by  electron 
microscopy  and  X-ray  researches.  From  the 
beginning  of  plastic  deformation  the  axis  of  single 
crystal  goes  to  [loi]  direction  -  slip  in  primary 
system,  twinning  is  not  revealed.  In  Hadfield  steel 
the  pile-ups  of  dislocations  and  slip  traces  on 
specimen  surface  are  not  observed  due  to  the  high 
mobility  of  carbon  atoms  in  matrix  [4,  5].  The 
possible  reason  is  fast  restoration  of  the  local 
order  of  carbon  during  movement  of  dislocation 
on  slip  plane.  The  important  feature  of 
deformation  of  [T23]  single  crystals  is  that  at  action 
only  one  systems  of  slip  the  SHC  at  the  first  stage 
exceeds  the  SHC  at  deformation  of  pure  FCC 
materials  and  FCC  substitutional  alloys.  At  :  = 
20  %  the  axis  moves  in  [21 1]  pole  -  twinning  in 
primary  system.  The  increase  of  the  SHC  at  this 
stage,  in  comparison  with  the  first  one,  is  caused 
by  interaction  of  slip  and  twinning  dislocations  in 
different  systems  of  shear  simultaneously. 

The  slip  mainly  in  one  system  defines 
deformation  of  [T23]  single  crystals  down  to 
fracture  in  Hadfield  steel  with  aluminium, 
twinning  experimentally  has  not  been  revealed. 
From  the  early  degrees  of  deformation  the  traces 
of  slip  are  observed  as  against  in  Hadfield  steel 
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without  aluminium.  Hence,  the  aluminium 
decreases  the  diffusion  mobility  of  carbon  and 
first  dislocation  on  slip  plane  destroys  the  local 
order  and  subsequent  dislocations  test  smaller 
resistance  to  the  movement  on  slip  plane  on  the 
part  of  the  local  order  forming  the  pile-ups  of 
dislocation. 

As  electron  microscopy  and  metallographic 
researches  have  shown  in  [001]  single  crystals  at 
tension  in  Hadfield  steel  without  aluminium  the 
high  SHC  is  connected  with  interaction  of  slip  and 
twinning  dislocations  in  several  systems. 
Twinning  is  realized  here  with  formation  of 
extrinsic  SF.  Such  type  of  twinning  in  FCC 
crystals  is  observed  for  the  first  time  and  these 
data  allow  to  consider  a  role  of  new  type  of 
twinning  in  hardening  of  polycrystals  of  Hadfield 
steel.  In  Hadfield  steel  with  aluminium  the  high 
speed  of  hardening  is  connected  with  intersection 
of  powerful  pile-ups  of  perfect  dislocations  and  it 
causes  hardening  similar  to  hardening  at 
intersection  of  slip  and  twinning  in  several 
systems  simultaneously. 

At  compression  of  single  crystals  of  Hadfield  steel 
without  aluminium  of  [Til]  orientation  the 
deformation  passes  in  two  stages:  first  with  low 
SHC  is  caused  by  formation  and  propagation  of 
macro  shear  bands  (MSB).  MSBs  are  rejected  on 
comer  7-10°  from  {111}  plane  -  plane  of  slip  in 
FCC  crystals.  Thus  low  value  of  strain  hardening 
is  connected  with  effect  of  geometrical  softening 
of  lattice  during  plastic  flow  inside  of  MSB  [6], 
MSB  arising  does  not  extend  in  volume  of 
specimen.  Electron  microscopic  researches, 
repolishing  and  etching  have  shown  that  in  MSB 
the  high  density  of  twins  of  deformation  is 
formed.  The  deformation  in  MSB  is  stopped  due 
to  twinning  inside  of  MSB  and  further 
deformation  at  the  first  stage  is  realized  by  origin 
and  stopping  of  new  MSBs.  When  all  volume  of 
specimen  is  filled  with  macro  shear  bands  there  is 
a  transition  to  the  second  stage  of  hardening  with 
higher  SHC  in  comparison  with  the  first  stage. 
Here  hardening  is  defined  by  interaction  of  slip 
and  twinning  in  several  systems  simultaneously. 

At  compression  of  Hadfield  steel  with  aluminium 
the  [f  1  lj  single  crystals  have  two  stages  on  the 
curve  of  plastic  flow.  MSBs  are  not  observed.  The 
first  stage  of  deformation  is  connected  with  slip 
mainly  in  one  system.  The  second  -  with 
activation  of  slip  in  conjugative  systems.  Thus, 


alloying  with  aluminium  moderately  raises  SF 
energy  of  Hadfield  steel  that  results  in  suppression 
of  deformation  by  twinning  as  a  basic  mechanism 
determining  all  plastic  deformation  of  ciystal.  The 
aluminium  reduces  diffusion  mobility  of  carbon  in 
austenitic  matrix  so  that  the  processes  of  dynamic 
strain  aging  appear  to  be  suppressed  at  room 
temperature  [3]  as  against  Hadfield  steel  without 
aluminium,  and  from  the  early  stages  of 
deformation  the  powerful  pile-ups  of  dislocation 
are  formed.  The  intersection  of  pile-ups  causes  the 
high  speed  of  strain  hardening  of  Hadfield  steel 
single  crystals  with  aluminium  similarly  to 
intersection  of  slip  and  twinning  dislocation  in 
several  systems  in  Hadfield  steel  without 
aluminium. 
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SLIP  AND  TWINNING  IN  AUSTENITIC  STAINLESS  STEEL  SINGLE 
CRYSTALS  WITH  DIFFERENT  STACKING  FAULT  ENERGY, 
HARDENED  BY  NITROGEN 


Kireeva  I.V.,  Luzginova  N.V.,  Chumlyakov  Yu.I. 

Siberian  Physical  -Technical  Institute,  Tomsk,  Russia 


On  single  crystals  of  austenitic  stainless  steels  Fe- 
1 7%Cr-8%Ni-2%Mn  with  ysf=0.0l  J/m2  (I),  Fe- 
1 8%Cr- 1 2%Ni-2%Mo  with  ysf=0.025  J/m2  (II), 
Fe-26%Cr-32%Ni-3%Mn  with  ysf=0.08  J/m2  (III) 
the  systematical  investigations  of  the  influence  of 
crystal  axis  orientation,  the  value  of  stacking  fault 
energy,  test  temperature  and  nitrogen 
concentration  on  the  level  of  resolved  shear 
stresses  x„,  deformation  mechanism  - 
slip/twinning,  the  type  of  dislocation  structure  - 
planar  and  cellular,  work-hardening  rate  0, 
plasticity  and  fraction  by  means  of  optical, 
transmission  electron  and  scanning  electron 
microcopies,  X-ray  diffraction  at  tension  have 
been  carried  out. 

It  has  been  shown  that  austenitic  stainless  steels 
without  nitrogen  are  characterized  by  low  values 
of  resolved  shear  stresses  ~  50  MPa  at  T=300K. 
As  the  temperature  decreases  the  increase  of 
resolved  shear  stress  in  2.5  times:  from  50  MPa  at 
T=300K  up  to  125MPa  at  77K  is  observed  in 
steels  (I-IH).  It  has  been  established  that  in  these 
steel  (I-III)  crystals  without  nitrogen  resolved 
shear  stresses  are  not  dependent  on  crystal 
orientation,  i.e.  in  these  crystals  Schmid’s  law 
about  independence  of  RSS  on  crystal  axis 
orientation  takes  place.  The  exception  is  single 
crystals  of  steel  (I)  without  nitrogen  in  which  the 
orientation  dependence  of  RSS  is  observed.  In 
<00 1>  crystals  RSS  is  higher  than  RSS  in  <1 1 1> 
crystals  and  <00 1>  crystals  is  “hard”,  <11 1>  - 
“soft”  in  temperature  interval  T=77-573K. 

Alloying  with  nitrogen  of  steels  I-III  up  to 
Cm=0.2-0.7  wt.%  leads,  firstly,  to  strong  solid 
solution  hardening.  The  level  of  RSS  is  increased 
in  3-3.5  times  compared  to  crystals  without 
nitrogen.  Secondly,  the  value  of  stacking  fault 
energy  is  decreased  in  2-2.5  times  compared  with 
nitrogen-free  steels.  Thirdly,  the  change  of  type  of 
dislocation  structure  from  cellular  in  nitrogen-free 
steels  to  planar  in  steels  with  nitrogen  is  found 
out.  Fourthly,  in  II-III  steels  there  is  an  orientation 
dependence  of  RSS,  which  becomes  stronger  with 
the  increase  of  nitrogen  concentration  and  the 


decrease  of  test  temperature,  the  maximal  its 
effect  are  reached  at  CN=0.5-0.7  wt.%  and  T=77K. 
The  investigation  of  dislocation  structure  in 
<00 1>  and  <1 1 1>  crystals  shows  that  orientation 
dependence  of  RSS  correlates  with  orientation 
dependence  of  type  of  dislocation  structure.  Two 
types  of  orientation  dependences  of  dislocation 
structure  are  established:  the  first  is  at  Cn=0.2-0.4 
wt.%,  when  RSS  is  determined  by  the  value  of 
dislocation  splitting,  i.e.  in  “hard”  <001>  crystals 
the  perfect  dislocations  interact  with  nitrogen 
atoms  whereas  in  “soft”  <1 1 1>  crystals  -  partial 
dislocations.  The  second  type  of  orientation 
dependence  of  dislocation  structure  at  CV-0.5-0.7 
wt.%  is  connected  with  the  change  of  deformation 
mechanism  from  slipping  in  “hard”  orientations  to 
twinning  in  “soft”  orientations. 

It  has  been  established  that  the  high  level  of 
stresses  reached  by  solid  solution  hardening  with 
nitrogen  Cn=0.5-0.7  wt.%  in  steels  I-III  results  in 
the  appearance  of  twinning  in  <00 1>  crystals  at 
tension,  these  crystals  are  earlier  considered  to  be 
untwinned.  It  has  been  established  by 
transmission  electron  microscopy  that  in  <001> 
crystals  twinning  is  realized  by  extrinsic  stacking 
faults  whereas  in  <11 1>  -  by  intrinsic  stacking 
faults.  Hence,  in  high-strength  crystals  of 
austenitic  steels  with  nitrogen  twinning  becomes 
polar  deformation  mechanism  as  compared  with 
established  conformities  for  twinning  in  low- 
strength  FCC  materials. 

It  has  been  experimentally  shown  that  the  stages 
of  strain-stress  curves,  plasticity,  the  values  of 
work  hardening  rate  are  dependent  on  crystal  axis 
orientation,  nitrogen  content,  test  temperature  and 
the  type  of  dislocation  structure. 

It  has  been  shown  that  stress-strain  curves  for 
single  crystals  <11 1>,  <001>,  <01 1>,  <012>, 
<123>  of  nitrogen-free  steels  have  two  stages: 
stage  2  of  linear  hardening  with  work-hardening 
rate  02/G  ~  4x  1  O'3,  which  is  not  dependent  on  test 
temperature  and  crystal  orientation,  and  stage  3  of 
dynamical  recovery  connected  with  the 
development  of  cross  slip  processes.  The 


289 


SECTION  D. 

STRUCTURE  AND  PROPERTIES  OF  MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


investigations  of  crystal  axis  precession  in  crystals 
<01 2>,  <123>,  <01 1>  show  that  deformation 
occurs  by  slipping.  In  <111>,  <001>  crystals  the 
axis  precession  is  absent,  it  means  that  multiple 
shear  takes  place. 

Alloying  with  nitrogen  of  <1 1 1>  single  crystals  of 
II-III  steels  up  to  C\— 0.3-0. 4  wt.%  leads  to  the 
drop  of  work-hardening  rate  (WHR)  and  to  the 
development  of  deformation  in  one  slip  plane 
compared  to  these  crystals  without  nitrogen.  This 
changing  of  WHR,  as  shown  by  the  investigations 
of  dislocation  structure,  is  connected  with  the 
change  of  the  type  of  dislocation  structure  form 
cellular  in  crystals  without  nitrogen  to  planar 
structure  with  pile-ups  in  crystals  with  nitrogen. 
The  increase  of  nitrogen  content  up  to  CN=0.5-0.7 
wt.%  results  in  the  sharp  increase  of  work 
hardening  rate,  the  decrease  of  plasticity.  It  is 
connected  with  the  change  of  deformation 
mechanism  from  slip  to  twinning  and  with  the 
interaction  of  twinning  in  several  systems. 

In  <00 1>  crystals  of  II-III  steels  the  alloying  with 
nitrogen  up  to  C^O.3-0.5  wt.%  doesn’t  lead  to 
the  principal  change  of  stress-strain  curves  and 
work-hardening  rate  compared  with  nitrogen-free 
crystals.  The  absence  of  WHR  dependence  on 
nitrogen  concentration  is  connected  with  likeness 
of  dislocation  structure. 

In  <01 1>,  <123>,  <0 1 2>,  <122>  ciystals  the 
alloying  with  nitrogen  leads  to  the  increase  of 
strength  properties,  the  suppression  of  the  cross 
slip  processes,  the  increase  of  stage  2  and  stage  3 
of  dynamical  recovery  is  not  reached  compared 
with  nitrogen-free  crystals.  In  these  orientation 
WHR  on  the  stage  2  of  linear  hardening  as  well  as 
in  nitrogen-free  crystals  is  not  dependent  on 
orientation  and  test  temperature.  X-ray 
investigations  show  that  the  change  of 
deformation  mechanism  from  slip  to  twinning  in 
<123>,  <122>  orientations  after  significant  slip 
deformation  in  the  moment  when  the  crystal  axis 
reaches  “symmetral”  takes  place.  Two  stages  on 
stress-strain  curves  are  observed:  the  first  is 
connected  with  slipping  in  one  plane,  the  second  - 
with  the  appearance  of  twinning  in  one  system.  As 
the  test  temperature  decreases  the  transition  to 
twinning  shifts  into  the  region  of  lower 
deformation. 

It  is  experimentally  established  that  alloying  with 
nitrogen  of  crystals  of  II-III  steels  leads  to  the 
change  of  fracture  mechanism  from  ductile  in 
nitrogen-free  crystals  to  mixed  and  brittle  in 
crystals  with  high  content  of  nitrogen  CN=0.5-0.7 


wt.%.  It  has  been  shoun  that  in  <00 1>,  <11 1> 
crystals  of  I,  II  steels  without  nitrogen  the  fracture 
is  ductile  with  the  neck  formation  in  the 
temperature  interval  77-573K.  At  alloying  with 
nitrogen  up  to  CN=0.2-0.4  wt.%  the  fracture  is 
ductile  as  well  but  without  the  neck  formation 
over  planes  close  to  slip  planes  (111). 

In  high-strength  state  at  CN=0.5-0.7  wt.%  and 
T=77K  in  <11 1>  crystals  the  fracture  occurs  by 
the  mechanism  of  quasi-cleavage  with  good- 
represented  volume  character.  The  crack  of  quasi¬ 
cleavage  spreads  through  several  equivalent 
planes  close  to  (111)  and  serrated  structure  is 
formed,  traces  of  localized  deformation  are 
observed. 

In  <00 1>  crystals  at  CN=0.5-0.7  wt.%  and  T=77K 
the  mixed  fracture  takes  place,  brittle  component 
being  50%  from  total  fracture  surface  of  ciystal. 

Thus,  in  crystals  with  high  nitrogen  content  the 
orientation  dependence  of  fracture  mechanism  is 
found  out:  in  <1 1 1>  crystals  -  brittle,  in  <00 1  >  - 
mixed  fracture.  The  orientation  dependence  of 
fracture  mechanism  is  connected  with  difference 
in  work  hardening  and  dislocation  structure 
formation  processes.  So,  brittle  fracture  in  <1 1 1> 
crystals  at  Cn=0.5-0.7  wt.%  and  T=77K  is 
realized  after  plastic  flow  with  high  work 
hardening  rate  connected  with  interaction  of 
twinning  in  several  systems.  In  <00 1>  crystals  the 
main  mechanism  of  plastic  deformation  is  slip, 
which  leads  to  the  ductile  fracture.  Twinning, 
found  in  these  crystals,  is  additional  deformation 
mechanism  and  the  interaction  of  twinning  and 
slip  results  in  the  appearance  of  brittle  component 
on  fracture  surface  of  these  crystals. 

The  comparison  of  fracture  stresses  of  differently 
orientated  crystals  shows  that  not  only  the  level  of 
fracture  stresses  determines  fracture  mechanism, 
but  also  the  important  is  the  character  of 
dislocation  structure  -  the  transition  to  twinning. 

The  correlation  between  the  type  of  dislocation 
structure  and  fracture  is  experimentally 
established:  plastic  deformation  by  slip 

determines  ductile  fracture  at  all  states  CN=0.2-0.7 
wt.%  and  T=77-573K  in  <00 1  >  crystals  whereas 
twinning  deformation  at  Cn=0.5-0.7  wt.%  and 
T=77K  leads  to  brittle  fracture. 

Obtained  results  may  be  used  at  the  analysis  of 
deformation  hardening  mechanisms  of  high- 
nitrogen  steel  polycrystals  and  at  the 
determination  of  the  role  of  texture  in  the 
formation  of  strength  properties  of  steel  articles. 
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INTERACTION  OF  ATOMIC  OXYGEN  WITH  COPPER  AND  SILVER 

Zhetudkevich  M.L.,  Gusakov  A.G.,  Voropaev  A.G.,  Vecher  A. A.,  Sobeski  A.S. 

Belarussian  State  University,  Minsk,  Belarus 


This  work  is  devoted  to  the  interaction  of  flows  of 
atomic  oxygen  with  copper  within  the 
temperature  range  of  473  to  1073  K  and  with 
silver  within  the  temperature  range  of  423  to 
673  K.  Experiments  were  performed  by  using  a 
high-vacuum  system  that  was  earlier  described  in 
more  detail  [1].  Atomic  oxygen  was  generated  by 
dissociation  in  microwave  discharge. 

The  degree  of  dissociation  was  varied  between  5 
to  50  %  depending  on  the  gas  mixture 
composition  and  the  discharge  power.  The  density 
of  the  atomic  oxygen  flow  was  measured  by  the 
method  of  chemiluminescent  titration  by  nitrogen 
dioxide  [1].  To  investigate  the  kinetics  of  copper 
and  silver  oxidation,  the  time  dependence  of 
electric  resistance  of  a  sample  was  measured.  The 
composition  of  the  scale  formed  during  oxidation 
was  analyzed  by  X-ray  diffraction  method. 

Oxidation  of  silver  by  flows  of  atomic  oxygen 
with  the  density  of  2.7T016  atoms  cm’2-s"'  was 
studied  within  the  temperature  range  between  423 
and  673  K.  X-ray  diffraction  analysis  of  oxidized 
samples  proved  that  during  oxidation  oxide  Ag20 
is  formed  on  the  silver  surface  within  the  above 
temperature  range. 

The  silver  oxidation  rate  within  the  temperature 
range  of  423  to  623  K  and  at  the  atomic  oxygen 
flow  density  of  2.7-1 016  atoms-cm^-s'1  obeys  the 
parabolic  kinetic  dependence,  which  is  the 
evidence  of  diffuse  limitation  of  oxidation.  The 
parabolic  kinetic  dependence  of  silver  oxidation 
by  atomic  oxygen  was  previously  observed  in  the 
work  [3]  at  temperatures  between  293  and  373  K. 
Increasing  the  temperature  to  648  K.  changes  the 
parabolic  kinetic  law  to  linear,  which  is  the 
evidence  of  a  change  in  the  oxidation  mechanism. 
The  linear  kinetic  law  is  probably  preconditioned 
by  that  the  limiting  stage  of  the  oxidation  process 
is  the  reaction  at  the  solid-gas  interface. 

The  kinetic  dependence  also  changes  with  a 
decrease  in  density  of  the  atomic  oxygen  flow 
falling  on  the  sample.  Increasing  the  temperature 
within  the  range  of  423  to  573  K  increases  the 
silver  oxidation  rate.  Further  increase  in 


temperature  decelerates  the  oxidation  rate.  Due  to 
this,  a  fracture  is  observed  for  the  silver  oxidation 
rate  in  the  region  of  573  K  on  the  Arrhenius 
dependence. 

The  activation  energy  at  temperatures  between  423 
and  523  K  makes  33  kJ  mol'1  (Fig.  1).  With  further 
increase  in  temperature  up  to  673  K  silver 
oxidation  ceases  and  the  previously  oxidized 
sample  reduces  to  metal  silver.  The  non-linear 
Arrhenius  dependence  for  silver  oxidation  by 
atomic  oxygen  flows  within  the  temperature  range 
of  423  to  673  K  is  probably  connected  with  that  not 
only  oxidation  reaction  (1),  but  also  opposite 
reactions  of  silver  oxide  dissociation  (2)  and 
“recombination  reduction”  (3)  can  proceed  in  a 
silver-oxygen  system. 

2Ag  +  0  — »  Ag20  (1) 

Ag20  —>  2  Ag  +  Yi  02  (2) 

Ag20  +  O  — ^  2  Ag  +  02  (3) 

To  back  up  the  thermodynamic  probability  of  these 
processes,  the  Gibbs  energies  for  the  respective 
reactions  were  calculated.  The  obtained  results 
prove  that  all  the  three  reactions  are 
thermodynamically  probable  within  the  entire 
temperature  range  being  investigated. 

According  to  the  calculations,  with  the  atomic 
oxygen  flow  density  of  2.7-1016  atoms-cm'^s'1,  the 
formation  of  silver  oxide  Ag20  is 
thermodynamically  probable  up  to  the  temperature 
of  the  order  of  1100  K,  but,  as  the  experimental 
data  prove,  already  at  673  K  silver  is  not  oxidized 
by  atomic  oxygen  and,  moreover,  the  reduction  of 
oxide  formed  at  lower  temperatures  starts.  This 
occurs  because  at  temperatures  above  673  K 
processes  of  thermal  dissociation  and 
“recombination  reduction”  of  silver  oxide  start. 

When  copper  is  oxidized  by  atomic  oxygen,  Cu20 
is  formed  on  the  surface  as  distinct  from  oxidation 
by  molecular  oxygen,  when  Cu20-CuO  scale  is 
formed.  And  the  probability  of  interaction  of 
atomic  oxygen  with  copper  is  by  six  orders  of 
magnitude  higher  than  that  of  molecular.  Between 
473  and  773  K,  like  in  case  with  molecular  oxygen, 
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the  oxidation  kinetics  of  copper  by  atomic  oxygen 
obeys  the  parabolic  law.  A  more  complex  kinetic 
dependence  is  observed  between  873  and  1073  K. 

At  the  initial  stage,  which  lasts  20  to  80  minutes, 
oxidation  obeys  the  linear  kinetic  law.  With 
further  oxidation  the  linear  kinetic  dependence 
changes  to  parabolic.  Based  on  the  temperature 
dependence  of  the  parabolic  constant  of  the 
copper  oxidation  rate  by  atomic  oxygen,  the 
activation  energies  of  this  process  were  calculated 
within  the  entire  temperature  range  (Fig.2).  In  the 
high-temperature  area,  the  effective  energy  of 
activation  made  Ea=16±5  kJ-mol’1,  which  is  much 
lower  than  the  activation  energy  of  copper 
oxidation  by  molecular  oxygen  -  165±9  kJ-mol'1. 

Within  the  temperature  range  of  473  to  823  K,  the 
found  activation  energy  made  Ea=62±4  kJ-mol'', 
in  molecular  oxygen,  at  T=723-873  K, 
Ea=107±15kJ  mol"'.  Such  difference  at  low 
temperatures  may  be  due  to  that  oxidation  by 
atomic  oxygen  decreases  one  of  the  components 
of  the  summary  activation  energy  -  the  energy 
necessary  for  dissociation  of  oxygen  molecules. 

At  high  temperatures,  the  difference  by  an  order 
of  magnitude  between  the  activation  energies  of 
copper  oxidation  by  atomic  and  molecular  oxygen 
is  probably  caused  by  that  the  oxidation  process  is 
accompanied  by  the  processes  of  dissociation  and 
“recombination  reduction”  of  the  formed  copper 
oxide. 

Thermodynamic  analysis  proved  the  probability 
of  the  reaction  of  “recombination  reduction”  of 
copper  oxide  by  atomic  oxygen  within  this 
temperature  range 

Cu20  +  O  — >  Cu  +  02 ,  (4) 

whereas  the  thermodynamic  probability  of 
oxidation  reaction  decreases  considerably  with 
increasing  temperature.  As  a  result,  at 
temperatures  above  1 123  K  the  oxidation  rate 
starts  decreasing. 


In  k 


Fig.  1.  Temperature  dependence  of  the  rate  constant 
of  silver  oxidation  by  atomic  oxygen. 


In  k 


°  T=823-I073  K,  E,=16±5  kJ-mol'1 
T=473-823  K,  £,=6214  kj  mol'1 
*  Ref.  [3] 

Fig.  2.  Temperature  dependence  of  the  rate  constant 
of  copper  oxidation  by  atomic  oxygen. 
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INTERACTION  OF  NIOBIUM  AND  PCW-10  ALLOY  (NIOBIUM- 
ZIRCONIUM-CARBON)  WITH  FLOWS  OF  ATOMIC  AND  MOLECULAR 
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This  work  investigates  the  interaction  of  flows  of 
atomic  and  molecular  hydrogen  with  niobium 
within  the  temperature  range  between  573  and 
773  K  and  with  the  PCW-10  alloy  within  the 
temperature  range  between  573  and  873  K. 

Experiments  were  performed  by  using  the  high- 
vacuum  system  that  was  previously  described  in 
more  detail  [1].  Atomic  hydrogen  was  generated 
by  dissociation  in  microwave  discharge.  To 
examine  the  kinetics  of  dissolution  of  hydrogen  in 
niobium,  the  dependence  of  electric  resistance  of 
tape  metal  samples  on  the  exposure  time  was 
investigated. 

The  dependence  of  the  niobium  resistance  on  the 
concentration  of  hydrogen  dissolved  in  it  is 
known  [2].  The  values  of  dissolved  hydrogen 
concentration  obtained  from  the  data  of  sample 
resistance  measurements  coordinated  well  enough 
with  the  concentrations  calculated  on  the  basis  of 
a  change  in  the  crystal  lattice  constant.  The  study 
of  the  dissolution  kinetics  was  carried  out  in 
flows  of  molecular  hydrogen 

1018  molecules-cm'2  s'‘  and  atomic  hydrogen  1017 
atoms-cm'^s1. 

Molecular  hydrogen  is  dissolved  in  niobium  in  the 
flow  of  1018  molecules-cm'^s'1  only  at 
temperatures  above  673  K.  At  lower  temperatures 
the  process  is  kinetically  decelerated  and  no 
dissolution  of  hydrogen  in  niobium  was  recorded 
by  the  method  of  measuring  the  sample  resistance. 

Increasing  the  temperature  increases  the 
molecular  hydrogen  dissolution  rate.  The  energy 
of  activation  of  this  process  within  the 
temperature  range  of  673  to  773  K  made 
5  kJ-mof1. 

Investigated  was  also  the  kinetics  of  reaction  of 
niobium  with  atomic  hydrogen  within  the 
temperature  range  of  573  to  723  K.  When  treating 
the  niobium  samples  with  flows  of  partially 
dissociated  hydrogen  1017  atoms-cm^-s'1, 


dissolution  occurs  with  a  higher  rate  that  in  case  of 
molecular  hydrogen. 

At  the  temperature  of  673  K  the  hydrogen 
absorption  rate  increases  by  the  factor  of  4.  The 
process  of  dissolution  of  atomic  hydrogen  obeys 
the  parabolic  kinetic  dependence,  which  is  the 
evidence  of  diffuse  limitation  of  the  process. 
Increasing  the  temperature  increases  the  rate  of 
dissolution  of  atomic  hydrogen  in  niobium. 

The  activation  energy  of  this  process  is  close  in 
value  to  the  activation  energy  of  molecular 
hydrogen  dissolution  and  is  equal  to  5.3  kJ-mol"1. 
Studied  was  also  the  saturation  of  niobium  with 
hydrogen  up  to  high  concentrations.  The  initial 
stage  of  dissolution  of  atomic  hydrogen  at  the 
temperature  of  673  K  is  described  by  parabolic 
dependence.  At  the  hydrogen  concentration  of  the 
order  of  1 1  at.  %,  the  process  kinetics  changes  to 
linear  and  the  dissolution  rate  increases 
considerably  (see  Fig.  1 ). 

In  this  case  practically  all  atoms  of  hydrogen, 
which  fall  on  the  sample  surface,  dissolve  in 
niobium.  The  change  of  the  kinetic  law  and  the  rate 
of  hydrogen  dissolution  in  niobium  may  be 
connected  with  the  formation  of  a  new  phase.  The 
X-ray  diffraction  analysis  of  the  samples  proves 
that  hydrogen  dissolution  causes  formation  of  a 
solid  solution  (a-phase)  in  niobium;  when  the 
concentration  of  dissolved  hydrogen  reaches 
1 1  at.  %,  (3-phase  is  formed. 

Dissolution  of  atomic  hydrogen  in  PCW-10  with  a 
notable  rate  begins  only  at  a  temperature  above  573 
K.  The  dissolution  rate  obeys  a  complex  kinetic 
dependence.  At  the  initial  stage,  rapid  dissolution 
of  hydrogen  in  PCW-10  occurs.  It  obeys  the  linear 
kinetic  law.  Increasing  the  exposure  time 
decelerates  the  process  and  a  parabolic  dependence 
is  observed.  Increasing  the  temperature  within  the 
temperature  range  between  573  and  773  K 
increases  the  hydrogen  dissolution  rate.  The  energy 
of  activation  of  atomic  hydrogen  dissolution  within 
this  temperature  range  is  equal  to  85  kJ  mol1. 
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time,  min 

Fig.l .  Kinetic  curve  of  dissolution  of  atomic 
hydrogen  in  niobium  at  673  K. 

Further  increase  in  temperature  decreases  the  rate 
of  atomic  hydrogen  dissolution  in  PCW-10  which 
is  probably  conditioned  by  the  increase  of  the 
recombination  coefficient  of  hydrogen  atoms  on 
the  alloy  surface. 

When  a  flow  of  molecular  hydrogen  reacts  with 
PCW-10  at  773  K,  a  considerable  decrease  in  the 
dissolution  rate  is  observed  as  compared  with  the 
atomic  hydrogen  (approximately  by  25  times),  see 
Fig.  2. 

R/Ro 


time,  min 

Fig.  2.  Kinetic  curves  of  dissolution  of  atomic  and 
molecular  hydrogen  in  PCW-10  at  773  K. 


The  comparative  analysis  of  the  kinetics  of 
hydrogen  dissolution  in  niobium  and  PCW-10 
proved  that  the  dissolution  rate  of  atomic 
hydrogen  in  PCW-10  exceeds  the  dissolution  rate 
in  niobium  under  similar  conditions.  In  case  of 
molecular  hydrogen,  the  dissolution  rate  in 
niobium  is,  in  its  turn,  higher  than  in  PCW-10. 

The  obtained  results  make  it  possible  to  state  that 
preliminary  dissociation  increases  to  a 
considerable  extent  the  rate  of  hydrogen 
dissolution  in  niobium  and  PCW-10,  the 


dissociation  having  a  much  greater  effect  on  the 
kinetics  of  hydrogen  dissociation  in  PCW-10  than 
in  niobium.  This  fact  should  be  taken  into  account 
when  selecting  structural  materials  for  work  in 
media  containing  atomic  hydrogen. 
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INFLUENCE  OF  THE  STRUCTURE  AND  TEXTURE  ON  THE  FAILURE 
ANISOTROPY  OF  THE  LOW  ALLOYED  STEELS 
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Texture  and  anisotropy  of  the  failure  after 
controlled  rolling  (final  rolling  temperatures  tr.f. 
were  as  high  as  650,  700,  750  and  850°C)  of  the 
low-alloyed  steels  were  investigated.  The 
relatively  small  grain  (20-30  pm),  slight  quantity 
(0,007%)  of  the  non-metal  inclusions 
characterized  the  structure  of  the  steels.  The 
chemical  composition  of  the  steels  was  practically 
homogeneous  through  the  cross-section  of  the 
sheets.  Crystallographic  texture  was  considerably 
heterogeneous  through  the  cross-section  of  the 
sheets.  The  shear  texture  component  {1 10}<100> 
was  formed  in  surface  layers.  Nearing  to  the 
middle  of  the  sheets  the  intensity  of  the  mentioned 
texture  component  decreased  and  the  intensity  of 
the  {001  }<1 10>-texture  component  increased. 
The  latter  of  the  mentioned  orientation  was  major 
in  the  middle  of  the  sheets.  Above-mentioned 
heterogeneity  of  the  texture  increased  if  tr.f. 
decreased.  The  rapid  cooling  after  rolling  at 
tr  f=8500C  led  to  the  practically  non  grain-oriented 
state  of  the  sheets. 

The  researched  steels  have  the  brightly  expressed 
anisotropy  of  impact  elasticity.  Thus  the 
resistance  to  the  failure  decreases  at  temperature 
fall.  The  fractographical  analysis  of  the  fracture 
after  testing  in  the  field  of  temperatures  that  is 
lower  than  temperature  of  a  cold  brittleness  tx., 
showed  the  presence  of  macroscopic  separations. 
The  centers  of  origin  of  similar  separations  are, 
apparently,  the  non-metallic  inclusions  (oxides, 
nitrides,  sulfides),  detected  in  secondary  cracks. 
The  further  development  of  a  brittle  crack  is 
determined  by  crystallographic  texture  of  a 
material. 

The  layered  brittle  failure  in  researched  specimens 
of  low-alloyed  steels  mainly  is  carried  out  on  the 
mechanism  of  the  trans-crystallite  friable  chipping 
on  planes  {001}.  It  is  confirmed  also  by  data  of 
the  micro-fractographical  analysis.  The  oblong 
concavities  by  the  size  (20  x  100)  micron  (fig.  1) 
are  detected,  which  sizes  are  comparable  to  the 
dimensions  of  the  pearlite  components,  deformed 
at  the  rolling. 


Fig.  1.  Electronic  micro  still  picture  of  the  steel 
fracture  (tr.f  =  750°  C)  after  testing  on  impact 
elasticity  at  -  40°  C:  a  -  layered  viscid  failure;  b  - 
layered  brittle  failure 

There  are  numerous  separations,  which  have 
particular  crystallographic  trend.  Alongside  with  it 
on  adjacent  sites  of  a  fracture  there  are  facings  of 
a  chipping,  commensurable  with  a  size  of  ferrite 
grains  (20  -  50  microns).  In  texture  of  ferrite  of 
steels  after  rolling  the  component  of  texture  {001 } 
<1 10>  predominates.  Main  planes  of  a  chipping  in 
BCC  -  metals  are  the  crystal  planes  {001 }.  In  case 
of  favorable  orientation  of  such  planes  in  relation 
to  a  direction  of  the  affixed  normal  stresses  the 
development  of  a  friable  crack  is  facilitated,  as  the 
transition  from  one  grain  to  another  is  bound  to 
smaller  deviation  of  a  crack  from  a  tentative 
direction  of  its  development.  For  the  trans¬ 
crystallite  crack  this,  in  turn,  is  promoted  by  the 
fact,  that  the  sub  boundaries  of  dislocation 
structure  of  the  texture  component  {001}  <11 0> 
are  parallel  to  rolling  plane.  As  a  result  a  plasticity 
of  a  material  is  lowering  at  appropriate  above 
described  crystallographic  texture  there.  It  appears 
in  origin  of  a  three  dimensional  anisotropy  of 
mechanical  characteristics  of  researched  steels 
and  lowering  of  resistance  to  failure  at 
temperature  fall. 

Thus,  at  increase  of  the  intensity  texture 
components  {001}  <11 0>  in  different  sections  of 
sheets  of  low-alloyed  steels  the  brittle  failure 
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should  be  expected.  In  case  of  increase  in  texture 
of  sheets  of  the  component  {110}  <UVW>  it  is 
necessary  to  expect  a  viscid  character  of  the 
failure. 

We  suggest  the  texture  parameters,  which  allow 
estimation  the  tendency  of  mentioned  steels  to  the 
layered  brittle  destruction.  We  define  such 
parameters  as  volume  parts  of  «brittle»  {001 }  and 
«viscid»  {110}  texture  components. 

It  is  possible  to  characterize  the  above-mentioned 
distribution  of  the  texture  trough  cross-section  of 
the  low-alloyed  steel  sheets  by  relation  of  pole 
density  Pn</Pioo  in  each  layer  of  sheets. 

By  comparison  of  this  ratio  in  different  sections  of 
sheets  with  the  appropriate  value  of  impact 
elasticity,  the  correlation  is  found  out:  the  higher 
is  the  value  of  the  ratio  Pno/Pioo,  the  more  value  of 
impact  elasticity. 

The  correlation  is  watched  also  by  comparison  of 
an  impact  elasticity  for  different  directions  in  a 
plane  of  rolling  (fig.  2,  a)  with  the  appropriate 
value  of  the  above-stated  ratio  (fig.  2,  b),  obtained 
by  results  of  research  of  polar  density  on  a 
direction  in  a  rolling  plane. 

In  the  field  of  temperatures  of  layered  viscid 
failure  the  enough  tight  nonlinear  correlation  is 
detected.  Thus  the  coefficient  of  correlation  made 
up  0,895  with  reliability  95  %.  The  equation  of 
regression  for  a  nonlinear  correlation  between  the 
value  of  an  impact  elasticity  a  and  P,  i0/P|00  is: 

®  ~  265,2  -  100,7  (P no/Pmo)  19,6  (Pno/Pioo)^- 

This  equation  in  a  graphic  form  is  represented  in  a 
fig.  2,  c,  curve  8. 

In  the  field  of  temperatures  of  layered  brittle 
failure  (fig.  2,  a,  the  curve  4)  linear  correlation  is 
detected.  Thus  the  coefficient  of  correlation  made 
up  0,977  with  reliability  99  %  between  value  of 
impact  elasticity  and  value  P,,o/Pioo  (fig.  2,  c, 
curve  7). 

It  is  interesting  to  remark,  that  in  the  field  of 
temperatures  of  viscid  destructions  the  maxim  of 
impact  elasticity  coincides  with  a  minimum  of  the 
above-stated  ratio  in,  declined  from  rolling 
direction  on  an  angle  45°  the  direction  (fig.  2).  It 
confirms  the  crystallographic  mechanism  of 
development  of  a  crack. 
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Fig.  2.  Dependences  of  an  impact  elasticity  (a) 
and  ratio  (b)  from  a  angle  of  a  cutting  of  the 
specimens  in  a  plane  of  a  steel  sheet  at  viscid  (1- 
3)  and  friable  (4-6)  failure,  c  -  correlation 
dependences  of  an  impact  elasticity  on  the  ratio 
Pi  io/Pioo  at  friable  (7)  and  viscid  (8)  character  of 
failure 


And  vice  versa  for  a  temperature  of  the  cold 
brittleness  tx:  the  higher  is  the  ratio  Pno/Pioo,  the 
below  tx  (fig.  3) 


Fig.  3.  Dependence  tx,  obtained  from  the  data  of 
testing  on  impact  elasticity  of  the  specimens, 
oriented  in  normal  direction  to  a  plane  of  rolling 
from  the  appropriate  ratio  Puo/Pioo- 

Thus,  increase  of  the  {001  }<1 10>  texture 
component  is  one  of  the  main  causes  firstly  of  the 
rise  of  the  fracture  anisotropy  and  secondly  of  the 
tendency  of  the  above-mentioned  steels  to  the 
laminar  brittle  failure. 
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STRUCTURE  STATE  OF  TEMPERED  MARAGING  ALLOYS 
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Heat  treatment  of  maraging  steels  and  metastable 
phase-hardened  iron-nickel  alloys  includes 
heating  to  within  the  (y+a)-  phase  limits.  The 
heating  is  necessary  either  for  producing  the 
intermetallic  phases  on  aging  or  for  initiating  the 
reverse  a-y-  transition.  These  processes  in  iron- 
nickel-based  alloys  are  accompanied  by  the 
redistribution  of  the  alloying  element  between  the 
y-  and  a-phases.  This  work  deals  with  X-ray 
study  of  structural  and  composition  changes  in 
single  crystals  caused  by  heating  the  maraging 
alloys  to  within  the  (y+a)-  limits. 

The  test  material  was  Ni29Ti2  and  Ni28Ti2A12 
alloys,  which  is  used  for  the  fabrication  of  stamps 
and  press  molds.  The  specimens  contained  (70- 
85)%  martensite  at  room  temperature.  The 
reverse  transition  occurred  on  heating  in  salt  bath 
at  (400-500)°C.  The  transition  kinetics  and  the 
amount  of  martensite  were  controlled  by 
magnetometry.  Selected  area  X-ray  diffraction 
patterns  were  taken  on  a  KAMEBAX 
spectrometer.  Nickel  content  of  the  y-solid 
solution  was  estimated  from  the  previously  built 
concentration  dependences  of  fcc-lattice 
parameter  of  binary  iron-nickel  alloys.  With  this 
purpose,  a  set  of  single  crystal  specimens 
containing  from  25  to  100%  Ni  were  prepared. 
The  alloys  containing  25  and  28%  Ni  were  two- 
phase  (y+a)  at  room  temperature.  Thus,  their 
lattice  parameters  corresponded  to  the  retained 
austenite.  The  lattice  parameters  of  the  fcc- 
crystals  were  close  to  those  of  iron-nickel 
polycrystals. 

The  tempering  of  freshly  quenched  alloys 
reduced  the  parameter  ca  and  the  tetragonality 
c/a<,  of  the  martensite  lattice  even  at  room 
temperature.  At  temperatures  between  100  and 
300°  C,  the  parameter  ca  reduced  further,  and  the 
reverse  a-y-  transition  occurred  during 
tempering  at  400°  C.  The  reduced  in  ca  is 
associated  with  the  loss  of  matching  of  the 
martensite  and  retained  austenite  lattices,  as  well 
as  with  the  formation  of  a  N^Ti-type  phase  and 
the  subsequent  depletion  of  the  a-solid  solution 
in  the  alloying  elements  due  to  the  formation  of 
intermetallic  compounds  and  the  nickel 


redistribution  between  the  between  the  y-  and 
a-phases. 

Annealing  of  the  two-phase  specimens  at  520°C 
for  several  minutes  shifted  the  martensite 
reflections  having  high  third  indices  toward 
higher  Bragg  angles.  The  retained  austenite 
reflections  were  blurred  at  the  side  of  low  angles, 
and  weak  first-order  satellite  reflections  appeared 
at  the  blurring  at  520°C  (for  10  h)  or  higher 
annealing  temperature  (600°C)  attenuated  and 
eliminated  the  latter  reflections,  and  the  retained 
austenite  reflections  started  blurrings.  Holding  at 
600°C  increased  the  Bragg  angles  and  intensities 
of  the  satellite  reflections.  The  Bragg  angles  of 
the  retained  austenite  reflections  also  increased. 

The  appearance  of  the  satellite  first-  nd  second- 
order  reflections  indicated  the  recoveiy  of  the 
initial  austenite  phases  having  an  fcc-lattice  and 
larger  and  smaller  lattice  parameters, 
respectively.  The  disappearance  of  first-order 
satellite  and  the  appearance  of  the  second-order 
ones  with  increasing  tempering  time  and 
temperature  were  accounted  for  by  the  permanent 
shifting  of  the  first-order  reflections,  which  were 
temporally  superposed  with  the  strong  reflections 
of  the  retained  austenite.  These  satellites  are 
produced  by  the  reverted  austenite  that  forms 
during  the  reverse  a-y-transition. 

The  lattice  parameter  of  the  reverted  austenite, 
which  was  initially  higher  than  of  the  retained 
austenite,  decreased  which  increasing  time  of 
tempering  at  600°C.  After  1  h  of  tempering,  the 
parameter  was  already  considerably  smaller  than 
for  the  retained  austenite.  Each  austenite 
reflection  split  in  two  reflections  having  different 
intensities.  The  amount  of  the  reverted  austenite 
increased  with  decreasing  lattice  parameter. 

The  splitting  of  the  austenite  reflections,  which 
indicates  a  decomposition  of  the  y-solid  solution 
was  observed  during  heating  of  the 
(y+a)-specimens.  This  rule  was  true  for  heating 
in  air,  in  pyrophyllite  environment,  in  salt  bath, 
and  in  ealed  quartz  ampoules  at  10'3  torn  The 
splitting  was  strongest  in  air,  i.e.,  in  an  oxidizing 
environment.  Splitting  pattern  and  intensity  ratios 
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in  ampoules  were  similar  to  these  parameters  for 
air  only  after  5-8  times  longer  tempering. 

The  shift  and  change  in  intensity  of  the  satellites 
is  probably  due  to  the  permanent  increase  of 
nickel  concentration  in  the  reverted  austenite.  The 
decrease  and  subsequent  increase  of  the  Bragg 
angles  were  due  to  the  nonmonotonic  variation  of 
the  fcc-lattice  parameter  of  the  iron-nickel  alloys 
with  increasing  nickel  concentration:  the 
parameter  a,,  increased  until  a  nickel  concentration 
of  41%  was  reached,  and  then  it  considerably 
decreased.  The  calculation  of  nickel 
concentration  in  the  reverted  austenite  from  the 
parameter  a,  showed  that  tempering  enriched  the 
fcc-lattice  in  nickel  to  above  90%.  The 
concentrations  of  titanium  and  aluminum  were 
not  taken  into  account. 

The  enrichment  of  the  reverted  austenite  in  nickel 
during  the  reverse  a-y-transition  and  isothermal 
holding  of  metastable  austenite  alloys  and 
maraging  steels  was  reported  earlier.  However, 
the  large  enrichment  obtained  in  this  work  can 
hardly  be  accounted  for  by  only  the  nickel 
redistribution  between  the  y-a-phases. 

The  major  cause  of  the  enrichment  of  the  y-solid 
solution  in  nickel  was  deduced  by  analyzing  the 
microstructural  and  layer-by-layer  phase 
composition  data  of  the  tempered  specimens. 

The  superficial  layer  was  removed  by  abrasion, 
chemical  etching,  and  electropolishing.  The 
intensities  of  the  nickel-rich  austenite  reflections 
decreased  beginning  from  a  depth  of  20  pm,  and 
only  retained  austenite  reflections  were  observed 
at  a  depth  of  40  pm.  The  metal lographic  data 
taken  from  a  tilt  section  showed  the  presence  of 
an  oxide  layer  with  well-developed  cracks  on  the 
surface.  FejCb  and  Fe304— type  oxides  were 
revealed  by  X-ray  diffraction. 

Oxides  of  other  alloying  additions  were  not 
revealed  by  X-ray  diffraction  because  of  the  low 
concentrations.  X-ray  probe  concentration  depth 
profiling  showed  that,  at  depth  of  >  50  pm,  the 
nickel-to-iron  ratio  were  close  to  those  for  the 
mean  composition,  whereas  at  a  depth  of  5-8  pm 
from  the  oxide/matrix  boundary,  this  ratio  was 
more  than  5:1.  Even  higher  nickel  concentrations 
were  observed  immediately  at  the  surface. 


The  data  proves  that  the  y-solid  solution  is 
laminated  at  the  surface.  The  appearance  of 
continuous  reflection  zones  of  polyciystalline 
oxides  simultaneously  with  the  splitting  of  the 
single  crystal  reflections  allowed  the  austenite 
lamination  to  be  attributed  to  the  surface 
oxidation. 

The  surface  oxidation  was  selective  because  the 
specific  heats  of  the  formation  of  iron  and  nickel 
oxides  differ  by  4-6  times.  The  scale  was  formed 
by  the  growth  of  two  layers.  The  upper  layer 
grew  by  the  diffusion  of  iron  cations  to  the 
surface,  and  the  inner  layer  grew  by  the  inward 
oxygen  diffusion  along  the  lattice  defects.  The 
diffusions  of  iron  into  the  oxide  layer  and  nickel 
into  the  suboxide  layer  enriched  the  latter  layer  in 
nickel  and  depleted  it  of  iron. 

The  lamination  of  the  y-solid  solution  was 
observed  only  on  heating  of  two-phase  alloys 
containing  large  amounts  of  the  martensite 
(>20%).  Thus,  the  diffusion  was  enhanced  by  the 
phase  hardening,  and  the  mechanism  and  kinetics 
of  the  reverse  a-y-  transition  at  the  surface 
differed  from  these  in  the  bulk. 

The  data  proves  that  diffusion  may  be  enhanced 
even  on  the  martensite/coarse-grained  reverted 
lath  austenite  boundary.  This  is  the  only 
reasonable  explanation  of  the  y-solid  solution 
lamination  because  the  lattice  of  the  nickel-rich 
regions  had  the  orientation  of  the  retained 
austenite. 

Thus,  heating  of  two-phase  iron-nickel-based 
alloys  during  the  reverse  a-y-  transition  causes 
the  surface  lamination  of  the  y-solid  solution. 
The  surface  of  the  quenched  alloy  is  nickel 
because  of  the  nickel  redistribution  between  the 
y-  and  a-phases  during  the  a-y-transition, 
selective  iron  oxidation,  and  increase  in  the 
concentration  of  the  unoxidized  component  in  the 
suboxide  layer. 
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Boron,  with  a  effective  section  of  755  bams,  is  the 
perfect  candidate  to  absorb  neutrons.  It  is  one  of 
the  few  elements  that  does  not  emit  □  radiation 
after  being  irradiated  [1]  [2].  In  some  reactors, 
steels  with  3-4  %B  have  been  used,  as  they  give 
many  metallurgical  problems. 

So  high  content  boron  steels  ( 1 0~20%B)  can  be  of 
great  interest  as  radiation  barrier  for  waste 
containers  or  controlling  elements  in  reactors. 
Boron  is  added  as  liquid  phase  forming  element  in 
powder  metallurgy  [3],  where  boron  additions  are 
around  1%. 

Boron  additions  substantially  modify  the 
mechanical  properties  of  carbon  steels,  increasing 
their  tensile  strength  (it  doubles  when  passing 
from  1%  to  3%B)  and  reducing  their  deformation 
capability  [2].  Higher  boron  amounts  (10%-wt) 
and  manual  mixing  of  elemental  powders 
produce,  after  sintering,  very  brittle  materials  that 
can  not  be  used  in  this  kind  of  applications  [4]. 

In  this  work,  the  objective  is  to  carry  out  the 
mechanical  alloying  of  iron  powders  with  50%-wt 
boron,  for  their  ulterior  application.  However, 
there  are  other  procedures  to  obtain  Fe-B  solid 
solution  [5,  6,  7],  depending  on  the  way  of  boron 
mixing.  Mechanical  alloying  allows  maximum 
boron  contents  Fe()oB4o  [5]  and  Fe5oB50  [7]. 

Raw  material  powders  used  are  as  follows: 
ASC300  atomised  iron  powder  with  99,9%  purify, 
from  Hoganas  (Sweden),  with  particle  size  less 
than  45  Gm,  for  mechanical  alloying  process; 
amorphous  boron  from  Strem  Chemicals,  with  92- 
95%  purity  (magnesium  impurities);  natural 
graphite,  with  particle  size  less  than  50  Dm; 
atomised  iron  powder  ASCI 00.29  used  to  dilute 


Fe-B(50%),  99,9%  purity,  from  Hoganas 

(Sweden),  with  particle  size  less  than  1 50  pm. 

Using  mechanical  alloying,  this  work  tries  to  form 
a  Fe-B  amorphous  phase,  that  can  be  diluted  in 
iron  to  manufacture  a  steel  with  10%-wt  boron, 
possibly  with  an  iron  matrix  and  a  Fe/B  solid 
solution,  so  mechanical  properties  are  improved. 

So  that,  the  powder  mix  Fe/B+1%  C  is  introduced 
in  a  high  energy  mill,  with  a  charge/balls  ratio  of 
15:1  at  700  rpm,  for  36  h  using  an  inert 
atmosphere.  Samples  were  taken  each  6  h, 
characterizing  the  powder  through  differential 
thermal  analysis  (DTA)  up  to  1400  °C  in  inert 
atmosphere,  X-ray  diffraction  and  scanning 
electron  microscopy  (SEM). 

As  can  be  appreciated  in  the  X-ray  diffraction 
patterns  (figure  1),  after  36  h  milling,  peaks  do  not 
correspond  to  iron,  and  the  peaks  corresponding  to 
borides  are  found.  So  that,  this  powder  milled  for 
36h  was  chosen  for  the  next  step  of  the  research, 
being  labelled  as  Fe/B  (50%). 

This  powder  was  diluted  with  more  iron 
(ASCI 00.29),  to  get  a  steel  with  10%  boron.  This 
material  was  named  A.  This  mix  is  uniaxially 
compacted  at  500  MPa.  In  order  to  compare 
results,  a  mix  of  Fe/B  (50%)  without  milling  (0  h) 
was  also  diluted  with  iron  to  get  the  same 
composition  and  compacted  in  the  same 
conditions.  This  material  was  named  B.  Green 
density  was  evaluated.  Then,  materials  were 
sintered  in  argon  at  1 150°C  and  physical  (sintering 
density)  and  mechanical  properties  (hardness  and 
bending  strength)  were  measured.  Finally,  a 
microstructural  study  and  fracture  analysis  were 
carried  out. 
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Figure  1.  Normalised  X-ray  diffraction 
of  Fe/B  (50wt%)  +  1%C  powders 
obtained  each  6  h  of  milling. 


Table  1.  Physical  and  mechanical 
properties  of  studied  materials.  A  and  B 
materials  are  explained  in  the  text. 
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Material 

Relative 
density  (%) 

green 

Relative 
density  (%) 
sintering 

Hardness 

(HRA) 

Bending 

strength 

(MPa) 

A 

_ 61 

_.  65 

XX 

82 

B 

68 

76 

64 

128 

Materials  obtained  with  this  Fe/B(50wt%)  powder 
(milled  for  36h)  present  higher  green  density.  For 
example,  B  material  (from  not  mechanically 
alloyed  powders)  has  a  relative  density  of  60%, 
while  the  same  material  (A)  using  36  h  milling 
powder  has  a  67%  density.  Once  sintered,  this 
material  also  improve  their  properties  (table  1 ). 


In  conclusion,  more  research  has  to  be  developed 
in  this  field  in  order  to  obtain  more  adequate 
results,  although  this  line  seems  to  be  very 
promising. 
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It  is  settled  that  destruction  of  soled  bodies  is  a 
kinetic  thermofluctuatioanal  process.  Such  an 
understanding  was,  first  of  all,  formulated  on  the 
basis  of  study  and  analysis  of  their  durability 
dependence  (x)  from  the  tension  (o)  and 
temperature  (T)  [1],  Such  dependence  is  described 
by  the  equation 

x  =  T0exp  [(U0- y  a )] /kT],  (1) 

in  which  to  is  identical  for  all  bodies  and  ~10‘l3c, 
and  U0  is  a  structurally  insensitive  constant  of  a 
material  which  characterizes  the  energy  of  stirring 
up  an  elementary  act  of  its  destruction  process; 
parameter  y  depends  on  the  structural  condition  of 
the  material  and  it  represents  an  indicator  of  a 
local  tension  level;  k  is  a  Bolzman  constant. 

Thus,  a  study  of  temperature  -  force  dependence 
of  durability  and  analysis  of  parameters  of  this 
dependence  (especially  U0  and  y)  allows  to  obtain 
information  about  the  mechanism  of  destruction 
and  intensively  of  its  development. 

This  paper  deals  with  the  results  of  analysis  of 
durability  of  fibrous,  flaky  and  dispersal 
strengthened  metallic  composites. 

These  materials  now  acquire  the  important  value 
by  way  of  their  application  in  details  and 
constructions  working  in  extreme  conditions  in 
particular  at  high  and  low  temperatures,  effects  of 
the  different  exterior  factors  and  so  on. 

Undirected  fibrous  composites  Cu-W  and  A1  (Amr 
61)  —  B  were  respectively  obtained  by  a  diffusion 
welding  and  a  plastic  sprinkling.  The  value  of  W 
was  changing  from  4  to  26  %,  but  the  value  of  B 
constituted  20  %.  The  orientation  angle  of  fibers  y 
for  Cu-12%W  was  from  0°  to  26°,  but  for  AI-B 
was  from  0°  to  90°.  Flaky  composites  Al-Ni  and 
Al-Cu  were  prepared  by  electro  besieging  Ni  and 
Cu.  The  value  f  Ni  constituted  1 1  and  35  %,  but 
the  value  of  Cu  changed  from  1 5  to  60  %. 

Industrial  flaky  and  dispersal  strengthened 
composites  Al-Ni-Al,  and  CAIT-1,  CAII-2  (baked 
aluminum  powders)  were  prepared  by  a  cool 


rolling  and  contained  respectively  82  %  Ni,  ~8  % 
and  ~1 1  %  of  AI2O3  particles. 

On  the  basis  of  a  systematic  research  of 
temperature  -  temporal  laws  of  destruction  of  the 
above  mentioned  composites  the  following  results 
were  received. 

1 .  There  is  temporal  dependence  of  society 
for  all  materials  studied  by  us.  This  dependence  in 
definite  interval  o,  T  depends  on  the  equation  (1) 

2.  By  the  change  of  volumetrically  content 
of  tungsten  the  value  of  Uo  energy  discretely  (by 
leaps)  from  the  value  ~  335  kJ  |  mol,  which  is 
typical  of  the  copper,  till  the  value  ~  900  kJ  |  mol 
which  is  typical  of  tungsten.  The  achieved  values 
U0  coincide  well  with  the  values  of  sublimation 
warmth  accordingly  Cu  and  W.  As  the  analysis 
shows  the  energy  leap  is  connected  with  the 
equality  condition  of  leads  in  the  matrix  and  filler. 
The  conducted  value  showed  that  with  regard  for 
the  equation  (1)  the  energy  leap  takes  place  with 
the  value  of  volumetrically  quota  of  tungsten  (v*) 
which  is  defined  by  the  formula 

V*=[yw  (U0Cu-C)]  /  [Yeu(U0w-C)+yw(U0Cu-C)]  (2) 

in  which  U0Cu  and  U0W  is  an  activation  energy  of 
copper  destruction  and  tungsten,  yw  and  ycu  is  a 
value  of  structural  sensitive  coefficient  of  tungsten 
and  copper;  C=kTln(x|T0). 

Calculation  with  the  formula  (2)  gave  the  value 
V*=5±l%  which  agrees  well  with  the 
experimental  data.  By  the  change  of  y  about  the 
wasp  of  tension  the  value  U0  also  changes  by  leap 
from  its  value  for  fibre  till  its  value  for  a  matrix. 
Perhaps  ,  it  is  connected  with  the  fact  that  the 
extension  of  the  angle  y  causes  the  diminution  of 
volumetrically  quota  of  fibres  bearing  loads.  For 
de  composite  Cu  —  1 2  %  w  this  leap  (from  ~  900 
LM  ~  335  to  kJ  /  mol )  takes  place  in  the  interval 
of  angles  8  -  14  %  ,  but  for  the  composite  A1  - 
20%  B  this  leap  (from  ~  550  till  ~  220  to  kJ  /  mol) 
takes  place  in  the  interval  of  angles  0  -5% 
dependents  from  the  angle  of  <p  showed  a  that  for 
de  composite  A1  +  20%  B  the  value  y  grows 
linearly  with  the  growth  9,  but  for  the  composite 
Cu  -  12  %  w  with  the  transitional  critical  angle  it 
diminishes  by  leap  and  then  in  grows  again.  The 
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achieved  data  permit  us  to  conclude  that  filler  the 
durability  is  limited  by  a  dislocational  mechanism 
of  destruction  increase  in  the  filler.  A  study  of 
temperature  —  power  dependence  of  durability  and 
an  analysis  of  activation  energy  U0  of  flaky 
composites  showed  that  the  value  U0  by  the 
change  of  volumetrical  quota  of  components  also 
changes  by  leap  from  the  value  which  is  typical  of 
matrixes  material  (Al)  till  the  value  which  is 
typical  of  the  filler  (Ni,  Cu),  in  this  case  the  value 
of  critical  quota  of  filler  (V*)  calculated  with  the 
formula  (2)  agrees  well  with  its  experimental 
value.  By  V<V*  the  value  U0  is  typical  of  a 
sublimationonal  mechanism  of  destruction  and  by 
V>V*  agrees  with  the  energy  of  self  diffusion  of 
electro  besieged  Ni  and  Cu  respectively. 

Consequently,  galvanic  besieged  metals  are 
destructed  by  a  diffusional  mechanism  that 
represents  natural  with  due  regard  for  the 
specificity  of  their  structural  state  (initial  porosity 
and  concentration  of  vacancies  formed  in  the  case 
of  creepiness  [2])  Research  off  dispersal 
consolidated  composites  (fusion)  CAII-1  and 
CATI-2  after  a  cool  rolling  and  annealing  with  T> 
350°  showed  that  the  value  of  activation  energy 
U0  takes  two  discrete  values.  Under  a  cold  rolled 
state  the  value  Uo=150  to  kJ|mol  and  after  a  four 
hour  annealing  at  the  T>  350°C  U0«  220  kJ|mol 
which  respectively  coincide  well  with  the  energy 
of  self  diffusion  and  sublimation  of  aluminum. 

Thus,  it  can  be  stated  that  the  durability  of 
dispersedly  strengthened  composites  is  limited  by 
the  development  of  destruction  by  a  vacancy  or 
dislocational  mechanism  in  the  material  of  matrix. 
High  porously  and  concentration  of  unbalanced 
vacancies  in  reveled  powder  composites, 
probably,  cause  a  vacancies  mechanism  of  their 
destruction;  after  the  annealing  of  the  vacant 
volume,  which,  probably,  leads  to  the  formation 
of  a  stable  substructure  [2],  the  development  of 
the  cracks  is  realized  by  a  dislocational 
mechanism. 
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INFLUENCE  OF  THE  STRUCTURAL  STATE  ON  MECHANICAL 

BEHAVIOR  OF  TIN  BABBIT 
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Institute  for  Metals  Superplasticity  Problems,  Russian  Academy  of  Sciences,  Ufa,  Russia 


The  tin  babbit  (Sb  -  10  -  12  wt.  %,  Cu  -  5  -  6  wt. 
%,  Sn  -  rest)  is  widely  used  for  producing  bushes 
of  steam  turbine  sliding  bearings.  Service 
properties  of  babbit  considerably  depend  on  its 
chemical  composition  and  structural  state  [1-2]. 
Small  ductility  (~  6  %  elongation)  is  one  of 
drawbacks  of  the  tin  babbit  that  negatively 
influences  service  properties  of  the  alloy. 
Treatment  of  a  material  causes  its  structural 
changes  and  affects  physical  and  mechanical 
properties. 

The  present  paper  deals  with  investigations  of  the 
structure  and  the  influence  of  a  structural  state  on 
mechanical  properties  of  the  tin  babbit. 

Babbit  of  the  chemical  composition  (Sb  -  10  -  12 
wt.  %,  Cu  -  5  -  6  wt.  %,  Sn  -  rest)  was  selected  as 
an  object  of  investigations.  For  forming  different 
structural  states  the  cast  babbit  was  cooled  at 
different  velocities.  The  obtained  P  -  phase 
crystallite  size  was  50,  100  and  250  pm. 
Moreover,  for  obtaining  the  structure  of  babbit 
with  a  p  -  phase  grain  size  of  30  pm  some 
specimens  were  subjected  to  rolling  at  room 
temperature. 

The  results  of  mechanical  tests  of  specimens  in 
various  structural  states  are  shown  in  Fig.  1 . 


True  strain,  % 

Fig.  1.  Curves  “true  stress  -  true  strain”  of  babbit 

—3 

at  different  structural  states  at  strain  rate  of  10 


There  is  a  noticeable  dependence  of  the  flow 
stress  on  the  grain  size  of  p  -  phase.  The  decrease 
in  the  p  -  phase  grain  size  from  250  to  50  pm  for 
the  cast  alloy  increases  ductility  and  flow  stress. 
For  example,  relative  elongation  increases  from  5 
to  12  %,  respectively.  Moreover,  rolling  results  in 
a  significant  increase  in  ductility  of  the  alloy  as 
compared  to  the  cast  state.  In  particular, 
elongation  of  the  rolled  specimens  was  increased 
up  to  26  %  and  flow  stress  was  decreased  by  50  - 
60  %  as  compared  to  the  cast  specimens  with  a  P- 
phase  grain  size  of  50  pm. 

The  data  on  the  strain  rate  sensitivity  coefficient 

7 71  shows  that  for  the  cast  alloy  it  depends  on  a 
strain  rate  and  is  0.01  -  0.03  and  0.14  -  0.17  for  a 
P  -  phase  grain  size  of  50,  250  and  100  pm, 
respectively.  However,  the  alloy  subjected  to 
rolling  displays  rather  high  strain  rate  sensitivity, 

namely  771  values  vary  from  0.07  to  0.31  with 

_2  -4  -1 

decreasing  the  strain  rate  from  10  to  10  s  . 

For  explaining  the  influence  of  the  structural  state 
of  babbit  on  its  rheological  behavior  let  us 
consider  structural  changes  occurring  during 
deformation  of  the  alloy. 

For  more  precise  definition  of  the  alloy’s 
composition  and  phase  constituents  the  X  -  ray 
structure  analysis  of  the  alloy  has  been  carried 
out. 

On  the  basis  of  full-scale  investigations  it  has 
been  ascertained  that  cast  high-tin  Sn  -  Sb  -  Cu 
babbit  consists  of  three  phases:  a  -  phase  being 
solid  antimony  and  copper  solution  in  tin  with  a 
submicrocrystalline  grain  size  of  0.5  -  1  pm;  p  - 
phase  consisting  of  SnSb  crystals  and  a  small 
phase  being  r|  -  phase  (Cu6Sn5). 

It  is  known  that  P  -  phase  belongs  to  a  cubic 
syngony  [3,  4],  The  obtained  experimental  data 
shows  that  P  -  phase  of  such  babbit,  obviously, 
has  a  hexagonal  lattice. 
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Investigations  of  the  deformation  relief  of  the 
alloy  were  carried  out  after  tension  of  specimens. 
There  are  many  cracks  on  the  surface  of  the  cast 
alloy  with  a  p  -  phase  grain  size  of  250  pm.  The 
cracks  mainly  initiate  on  matrix-  P  -  phase  crystal. 
The  inspection  of  the  deformation  relief  of  the 
cast  babbit  with  a  p  -  phase  grain  size  of  50  pm 
shows  that  the  number  of  cracks  is  less  than  in  the 
previous  case.  As  for  the  rolled  alloy  the 
inspection  of  its  deformation  surface  shows  that 
cracks  are  observed  only  in  rare  areas  of 
specimen’s  surface. 

The  fracture  study  of  broken  surfaces  was  made 
by  means  of  an  electron  microscopy.  The  analysis 
indicates  that  there  occur  fragile  fracture  of  P  - 
and  t|  -  phases  and  viscous  fracture  of  main  a  - 
phase.  The  low  ductility  of  babbit  is  apparently 
conditioned  by  brittleness  of  p  -  phase  which  due 
to  hexagonal  lattice  has  a  limited  number  of  slip 
planes  at  plastic  deformation. 

The  X  -  ray  diffraction  investigation  shows  a 
decrease  in  a  width  of  peaks  of  X  -  ray  lines  of  the 
rolled  babbit  as  compared  to  the  cast  babbit.  This 
explains  softening  and,  perhaps,  recrystallization 
of  the  a  -  phase  of  the  alloy  after  rolling. 

In  general,  ductility  and  other  mechanical 
properties  depend  on  a  -  and  P  -  phases,  since  the 
amount  of  r|  -  phase  is  small.  When  the  size  of  a  - 
phase  is  similar  in  different  alloys  (cast  alloys 


with  grain  size  of  50,  100  and  250  pm)  the  p  - 
phase  effect  ductile  and  other  mechanical 
properties  of  the  alloy  as  a  whole.  The  increase  in 
P  -  phase  grain  size  leads  to  the  decrease  in 
elongation  of  the  alloy.  After  rolling,  the 
recrystallization  of  a  -  phase  occurs  and  ductility 
controls  by  both  of  a  -  and  p  -  phases. 

A  significant  distinction  in  deformation  behavior 
of  the  cast  alloy  from  the  rolled  alloy  can 
evidently  be  explained  by  processes  of  breaking 
of  cast  structure  basis,  recovery  and 
recrystallization  of  alloy  phases  after  rolling  that 
decreases  significantly  flow  stresses  and  increase 
ductility. 
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THE  PROPERTIES  OF  PIEZOCERAMIC  MATERIALS  AND 
PLASMA  COVERAGES  ON  TITAN  AND  CHROME  CARBIDES  BASE, 
ALLOYED  BY  ZIRCONIUM  INTERMETALLIC  HYDRIDES  UNDER  THE 

CONDITIONS  OF  EXPLOITATION 

Dubrovskaya  G.N.,  Gubar  E.Y.,  Butenko  T.I.,  Okatova  T.P. (1) ,  Sharapov  V.M. 

Cherkassy  state  technological  university,  Ukraine 
(1)Concem  of  powder  metallurgy,  Minsk,  Byelorus 


The  aim  of  this  work  is  the  processing  of 
experimental  results  on  change  of  the  properties 
of  the  coverages  nF-CP4  and  TiC-Cr3C2-NiCr, 
alloyed  by  hafnium  and  zirconium,  and  also 
piezoceramic  ZTL-19  and  ZTL-83  under  the 
conditions  of  exploitation. 

The  titan  and  chrome  carbides  powders  were 
produced  by  method  of  self-propagating  high- 
temperature  synthesis  in  Byelorussian  Concern  of 
powder  metallurgy.  Powder  nT-CP4  -  (TY  14-1- 
3785-84)  was  made  at  the  Torez  plant,  fraction 
particles'  dimension  being  equal  40-60  mkm. 
Piezoceramic  was  made  in  the  laboratories  of 
CSTU  and  Chernigov  technological  institute  by 
method  of  diffusive  welding  in  smouldering  digit 
[1,2,3], 

The  study  of  microstructure  of  initial  individual 
powders  and  obtained  coverages  allowed  to 
characterize  the  dimension,  form  and  distribution 
of  phases  in  elementary  stage  of  process  of 
plasma  spraying  and  after  experiments  under  the 
conditions  of  working  cauldron  EK3  220 
(Cherkassy  T3If). 

For  the  research  of  microstructure,  elementary 
and  phase  composition  of  materials  the  methods 
with  such  devices  as  X-ray  diffractometer  JI.POH- 
2,  microhardmeter  IIMT-3,  power-mass-analyzer 
laser  3MAJI-2  were  used. 

The  study  of  peculiarities  of  the  process  and  the 
speed  of  the  diffusion  of  coverage  elements  Cr-B- 
Si-Fe-Zr(Hf)  and  TiC-Cr3C2-NiCr-Zr(Hf)  on  the 
base  of  12XlM<f>  steel,  the  determination  of  phase 
composition  of  transitional  contact  zones  allow  to 
make  conclusion  about  their  chemical  and 
mechanical  compatibility  under  the  conditions  of 
exploitation. 

Change  of  the  adgesive  strengths  indicates  weak 
connection  matrix-coverage.  For  the  increasing  of 


strength  on  grains  boundaries  of  refractory  Me- 
oxidery  coverage  on  the  base  Cr-B-Si-Fe  and  the 
regulation  of  grain  and  coverage  density  the 
addition  of  Hf  and  Zr  in  amounts  from  3  to  20% 
were  brought 

During  exploitation  under  high  temperatures  in 
the  air  the  "self-healing"  of  pores  and 
microcracks  in  coverage  takes  place  for  account 
of  liquid  phase  in  case  nr-CP  and  Hf02-Zr02- 
Ti02-Cr203  is  formed  in  case  carbid-Ni-In  this 
case  the  dimension,  form  and  distribution  of  the 
basic  carbide  constituent  is  preserved  in  the 
microstructure.  A  complicated  glass  crystalline 
matrix  B-Si-Fe  with  isolated  chrome  carbides  is 
made  in  ITT-CP  the  carbides  are  isolated  in  the 
continuous  hard  solution  Ni-Cr  of  matrix  in  the 
system  TiC-Cr3  C2-NiCr. 

The  distribution  volume  of  all  phases  is 
researched  and  concentration  gradients  Ni,  Cr  in 
separate  grains  and  phases  are  defined. 

The  changes  in  the  material  structure  take  place 
during  exploitation  (under  the  oxidation).  Firstly 
the  formation  of  unstoichiometric  composition  of 
phases  of  oxycarbides  takes  place.  The  restoration 
process  products  in  complicated  system  depend  on 
temperature  and  are  the  result  of  diverse 
combinations.  The  stable  and  instable  phases  are 
exposed  under  the  temperature  of  oxidation  200- 
1000°C.  The  metastable  oxycarbides  are  formed 
under  200°  C,  and  the  oxides  of  complicated 
composition  are  formed  under  1000°  C  is. 

The  second  part  of  the  work  deals  with  the 
research  of  piezoceramics. 

The  results  of  the  mass-spectrometric  analysis  of 
piezoceramic  are  given  in  the  table. 
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Elementary  composition  of  piezoceramics  ZTL-83  and  ZTL-19 


Table 


Piezoceramics 

Maintenance  of  elements,  mass%  1 

O 

Si 

Ti 

Fe 

Sr 

Zr 

Nb 

Pb 

ZTL-19 

4,17 

1,07 

16,75 

0,45 

10,9 

37,5 

4,37 

17,47 

ZTL-83 

0,02 

18,12 

- 

12,25 

34,8 

0,79 

33,86 

Pic.  Electronicaliy-microscopic  photos  of  the  surface  of  piezoceramics  . 
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The  reliability  and  serviceability  of  structures 
operating  under  conditions  of  ultimate  force  and 
heat  loads  are  mainly  determined  by  the  strength  of 
materials  for  which  successfully  employed  are 
polymeric  matrix  and  carbon  matrix  composites. 

In  order  to  determine  most  reliably  the  strength  of 
real  heat-resistant  coatings  whose  time  of  heating  to 
temperatures  above  1000°C  is  estimated  in  minutes, 
the  consideration  of  the  material  heating  rate  and 
change  in  the  chemical  composition  and  pressure  of 
the  structure  gaseous  environment  is  of  the  great 
importance  in  the  experimental  investigation  of  the 
physicomechanical  properties. 

The  goal  of  the  present  investigation  is  to 
determine  the  deformation  and  strength  of  thick- 
walled  composite  shells  from  carbon  composites 
depending  on  the  type  of  their  binder  and 
orientation  of  the  carbon  filler  during  heating  under 
conditions  simulating  the  actual  ones. 

Specific  character  of  the  changes  in  the 
physicomechanical  properties  of  composites  at  high 
temperatures  imposes  essential  restrictions  on  the 
use  of  the  standard  test  facilities.  In  this  connection, 
the  unique  procedures  were  developed  and  a  setup 
was  created.  Which  enable  one  to  determine  the 
regularities  of  deformation  and  change  in  the 
strength  of  composites  including  those  which 
destroy  on  heating  at  temperatures  to  3000°C. 

The  investigation  of  temperature  strains  of 
composites  including  the  distracting  ones  was 
performed  along  three  mutually  orthogonal  axes 
simultaneously  using  a  three-coordinate 
optoelectronic  dilatometer. 

A  dilatometer-type  DKM-3  created  at  the  Institute 
for  Problems  of  Strength  enables  one  to  measure 
volume  thermal  strains  of  specimens  and  structural 
elements  of  an  arbitrary  shape  along  three  axes  of 
anisotropy  simultaneously  in  the  temperature  range 
from  0  to  1 700°C  in  air  or  neutral  atmosphere  and 
in  vacuum  without  breaking  the  continuity  of  the 
material  and  structure. 

A  running  record  of  thermal  strains  for  the 


specimens  from  composites  was  made  by  an 
electronic  recorder  in  the  coordinates  A l  -  T  for 
each  of  the  three  directions  or  in  the  form  of  the 
tape  digital  printing;  the  difference  in  time  of  the 
A /  records  along  three  axes  did  not  exceed  0.01  s. 

The  strength  characteristics  of  the  composites 
were  determined  using  a  high-temperature  setup- 
type  KM- 10  built  around  a  standard  general- 
purpose  testing  machine  and  equipped  with  a 
heating  system,  a  system  for  creating  vacuum  and 
inert  atmosphere,  and  a  load/strain  recording 
system. 

A  characteristic  feature  of  the  sealed  water-cooled 
thermal  chamber  developed  is  its  possible 
application  for  all  the  types  of  static  tests 
involving  displacement  of  the  moving  crossbar  in 
the  direction  ease  manipulations  on  the 
replacement  of  the  internal  tooling  (block  heads, 
grippers,  etc.),  heating  was  conducted  by  the 
radiation  method  which  excluded  the  action  of 
electromagnetic  fields  on  the  specimen;  the 
gaseous  atmosphere  of  the  tests  was  varied 
depending  on  the  experiment  requirements. 

The  materials  investigated  were  carbon-carbon 
composites.  Heating  was  carried  out  to  the  preset 
temperature  at  the  rate  of  100°C/min  in  a  neutral 
gaseous  atmosphere  (argon). 

The  relative  strain  was  computed  from  the 
a  l  where  A /  is  the  variation  in  the 

U 

specimen  length  and  l0  is  the  initial  length. 

The  temperature  dependences  of  the  thermal 
strain  for  carbon  composite  with  a  simultaneous 
change  in  linear  strains  along  three  mutually 
orthogonal  coordinates  are  shown  in  Figure  1. 

In  this  case,  the  specimens  were  cut  from  the 
sheath  fragments  rather  than  specially 
manufactured  plates,  and  the  direction  of  the 
specimen  faces  did  not  correspond  to  the 
anisotropy  axes  of  the  carbon  composite.  The 
angle  between  the  specimen  face  and  the  direction 
of  the  measuring  axes,  ((p,  varied  from  3°  to  9°. 
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Investigated  were,  in  fact,  the  fragments  of  heat- 
protective  structures  with  a  sufficiently  arbitrary 
spatial  orientation  rather  than  the  specimens. 


Ml  k[%] 


Fig.  1.  Carbon  composite  thermal  strain  as  a 
function  of  temperature  for  different  angles  of 
winding  the  carbon  filler  fabric  in  the  X,  Y,  Z  - 
directions. 

Measurements  of  the  specimen  thermal  strains 
during  heating  were  made  simultaneously  for  each 
of  the  axes  of  anisotropy  of  the  material  in  the 
coordinates  Al  (displacement)  vs  T  (temperature) 
by  an  optoelectronic  automatic  system. 

To  determine  the  mechanical  characteristics  using 
the  KM- 10  setup,  specimens  were  heated  to  the 
required  temperature,  held  for  one  minute  and 
loaded  at  the  strain  rate  of  2  mm/min. 

The  main  mechanical  characteristics  were  obtained 
from  stress-strain  diagrams  P  -  Al ,  which  took 
into  account  the  compliance  of  all  the  elements  of 
the  testing  machine  power  circuit,  including 
strikers,  over  the  entire  temperature  range. 

The  modulus  of  elasticity,  E ,  was  determined  as 
the  slope  of  the  linear  portion  of  the  cr  -  vs  -  e 
diagram. 

All  the  diagrams  were  obtained  in  the  two 
mutually-orthogonal  directions  in  the  plane  of 
reinforcing  at  a  heating  rate  of  100°C  /min. 

Figure  2  shows  the  variation  in  the  strength 
characteristics  of  the  carbon  matrix  composite  with 
heating.  In  the  temperature  range  from  20  to 
3000°C,  the  curves  of  the  modulus  of  elasticity,  E, 


has  a  clearly  defined  peak  near  T  =  1000°C,  a 
region  of  stability  in  the  temperature  range  from 
1500  to  2000°C  and  a  sharp  drop  in  its  magnitude 
down  to  10%  from  the  initial  value  at  T  = 
3000°C. 

The  ultimate  strength,  au ,  also  decreases  in  the 

temperature  range  T  =  0  to  500  °C ,  its  variation 
curve  has  a  portion  which  is  nearly  stable  in  the 
temperature  range  T  =  500  to  1 500  °C ,  the  sharp 

spike  at  T  =  2000  °C  and  the  value  drop  (a  dotted 
line  on  curve  2)  when  fracture  does  not  occur 
with  increasing  strain,  and  the  material  transits 
completely  to  the  plastic  zone. 
cr„[MPa],E[MPa] 

70 
60 

40 


20 


20  500  1000  1500  2000  2500  T{°C] 

Fig.  2.  Temperature  dependence  of  the  modulus 
of  elasticity,  E,  (1)  and  ultimate  strength,  <ju  ,  (2) 
for  the  carbon  fiber  composite  in  compression. 

A  comprehensive  experimental  and  theoretical 
investigation  has  been  carried  out  on  the  influence 
of  the  thermal  deformation  character  on  the  stress 
state  of  the  shell-type  structural  elements  made 
from  high-temperature  composites.  As  a  result  of 
the  experimental  study  on  the  carbon/carbon 
composites  with  their  heating  at  a  rate  of 
100°C/min  in  a  neutral  atmosphere,  it  has  been 
found  that: 

•  thermal  deformation  of  a  carbon  carbon 
composite  in  the  temperature  range  from  20  to 
1200°C  in  three  orthogonal  directions  is 
characterized  by  a  strong  dependence  on  the  angle 
of  winding  of  the  carbon  filler, 

•  moduli  of  elasticity  and  ultimate  strengths  of 
the  carbon  matrix  composites  in  the  temperature 
range  from  20  to  3000°C  have  a  more  pronounced 
nonlinear  character;  here,  the  highest  value  of  the 
modulus  of  elasticity,  E,  were  obtained  at 
temperatures  T  =  1000°C,  whereas  those  of  the 
ultimate  strength,  cr„ ,  at  2000°C. 
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THERMAL  STRESSES  IN  HEAT-PROOF  SHELLS  FROM  CARBON- 
CARBON  COMPOSITES  IN  CHANGING  THE  FILLER  WINDING  ANGLE 

Gracheva  L.I.,  Borisenko  V.A. 

Institute  for  Problems  of  Strength,  National  Academy  of  Sciences  of  Ukraine,  Kiev,  Ukraine 


This  paper  presents  the  investigation  of  the  strength 
of  the  shell-type  structure  for  heat  protective 
coatings.  The  problem  of  the  stress-strain  state  of 
structural  elements  from  anisotropic  composites  has 
been  solved  taking  into  account  the  distribution  of 
the  physicomechanical  characteristics  obtained 
with  the  use  of  the  unique  equipment  which  enables 
one  to  simulate  the  actual  operating  conditions  of 
the  object  under  study.  The  data  obtained  have 
made  it  possible  to  determine  the  stress  state  of  the 
constructive  shell  elements  depending  on  the  matrix 
and  orientation  of  the  carbon  heat  protective 
coatings  in  the  temperature  range  from  20  to  1 500° 
C.  The  calculations  performed  show  that  the 
normal  stresses  in  the  cylindrical  thermal-protective 
shell  from  carbon-carbon  materials  grow  with  an 
increase  in  the  value  of  the  winding  angle  <p. 

Solution  to  the  given  problem  is  built  through 
rational  combination  of  analytical  transformations 
in  the  initial  equations  of  elasticity  theory  and  the 
numerical  analysis  method. 

As  initial  equations  of  the  three-dimensional 
equations  of  the  elasticity  theory  in  the  curvilinear 
system  of  coordinates  a,p,y  are  taken.  There  is 
one  plane  of  elastic  symmetry  tangent  to  each  point 
of  body  surface  y  -  const  or  perpendicular  to  the 
axis  of  rotation  a  =  const.  The  generalized  Hook 
law  for  the  i-th  layer  ?  y,  <  y  <  y,+\,  i  N)  has 
the  form 

e'  =  B'a1  +  f',e'  =  {e'a,e‘p,  ey ,  ,e'ay,e'Pr} 

O'  =  ,Tay,Tpy}  (l) 

B'  =  ||6,'(0||,  /, p  =  1,2,. ..,6 

Here,  e'a,e‘p,  e' ,  ,e‘ar,e‘Pr  are  the  strain  tensor 

components,  a‘a ,  a'p ,  cry  ,  r  ^  ,r‘ay ,  r‘Py  are  the  stress 

tensor  components.  The  coefficients  of  linear 
thermal  expansion  and  the  coefficients  of  shear 
may  be  set  in  the  form 

a*  =  a^cosV+^sinV  (2) 

a'p  =a'a  sin 2  cos  V 

p  ~'l(aia  -a  *p  )sin^>cos  <p 

ay=ay  ,aay=  apy~  0 


where  <p  the  angle  of  inclination  to  the  axis  p . 

Equations  (1)  are  also  valid  for  orthotropic  bodies 
with  principal  directions  of  elasticity  are  turned 
about  the  normal  to  the  surface  y  =  const  or  a  = 
const  through  the  angle  cp . 


The  temperature  held  tor  the  i-th  layer  ot  the 
multilayer  hollow  body  is  defined  by  the  equation 
of  heat  conductivity. 

d  (h,h,  jt\  (h.h, e  (3) 


(H.H,  df 

+Ki  JL 

fH,H, 

+K‘± 

f  HXH. 

ill, 

l  H,  dat 

*  tp 

'  er 

,  Hi 

py  J 

where  K‘a  =  K'a(y\Kp  =  K‘p(y\K'y  =  K'r(y )  are 

the  coefficients  of  heat  conductivity  acting  in  the 
directions  a,p,y .  It  is  assumed  that  thermal 
continuity  conditions  of  layers  over  the  entire 
surface  of  contact  are  fulfilled 

T'  =  T'",Ki  =  K‘"  (4) 


Then  conditions  on  the  limiting  surfaces 
Y  =  y0,y  =  yN  may  be  set  as  follows:  temperature 

of  surface  T1,  flow  of  heat  K.,  — ;  conditions  of 

'  dy 

the  ideal  thermal  of  surface  — -  =  0 ;  conditions 

dy 

of  conventional  heat  exchange 

Ky  —  =  where  p  is  the  coefficient 

7  dy 

of  heat  exchange,  T0  is  the  temperature  of  the 
surrounding  environment. 


Taking  into  account  the  equilibrium  equations, 
the  strain-displacement  relations,  the  Hook  law 
for  a  non-homogeneous  anisotropic  body  Eq.(l) 
and  the  equation  of  heat  conductivity  Eq.(5),  the 
system  of  partial  differential  equations  describing 
the  thermo-stressed  state  of  laminated  hollow 
elastic  bodies  is  received. 


=  B'0a  +  B[ 


+  *j*l+*5£4 

2  dp  da1 


o'  =  {o'y,  <y,x'pr,  w y,  Kp,T',r  '} 


B'p  =  ||^,p(r|  (nt,q  =.2, 


.,8,  p  =  0,1, . 5 


«0  <a  <a„-0  <  p  <  2k  yM<  y  <  yn  i  =  1,2,.. ..A) 
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where  TH'  =  K'y  — — . 

'  ft 

Here,  the  resolving  functions  are  taken  as  the  basic 
ones  with  the  help  of  which  we  can  formulate  the 
conditions  for  the  limiting  surfaces  y  -  y0,  y  =  yN 

and  for  the  surfaces  of  layers  conjugation  y  =  y, . 
Presentation  of  all  factors  of  the  thermo-stressed 
state  in  double  rows  with  orthogonal  trigonometric 
and  special  functions  for  some  types  of  boundary 
conditions  on  the  surfaces  a  =  const,  P  =  const 
allows  strict  separation  of  the  variables  in  Eq.  (5) 
and  for  each  /  layer  to  receive  a  system  of  8 
ordinary  differential  equations  with  variable 
coefficients.  This  system  is  solved  with  the  stable 
numerical  method  that  makes  it  possible  to  solve 
one-dimensional  problems  with  the  required 
accuracy  level. 


Fig.  1.  Distribution  of  normal  stresses  ag  over  the 


length  and  thickness  of  the  cylinder  depending  on 
the  change  of  the  winding  angle. 


Calculation  of  the  thermal  stress  states  of  heat- 
protective  coatings  from  carbon  composites  (Fig.  1 ) 
was  made  for  a  cylinder  of  length  L  =  340  mm, 
midsurface  radius  R  =  90  mm,  thickness  8  =  10 
mm.  The  mechanical  and  thermal  characteristics  a, 
E  and  G  of  the  materials  were  determined 
experimentally  for  the  conditions  which  simulate 
the  actual  ones,  namely,  variation  of  the  heating 
rates,  the  composition  and  the  pressure  of  the 
gaseous  atmosphere,  the  anisotropy  of  materials 
taking  into  account  the  direction  of  the  filler  fiber 
orientation. 


Some  of  the  computational  results  are  presented  in 


the  form  of  plots  of  fields  of  normal  stresses  as 

along  the  length  and  thickness  of  the  cylinder 
made  from  carbon  composite. 

Thermal  stresses  are  generated  in  the  bulk  of  the 
cylindrical  shell  as  a  result  of  the  thermal  loading 
during  heating  without  any  external  forces 
applied.  As  an  example,  Fig.  2  presents  the 
variation  of  the  minimum  and  maximum  values  of 
normal  thermal  stresses  ae^  depending  on  the 

changes  in  the  filler  winding  angle  (p  in  heating 
from  20  to  1200°C.  It  can  be  seen  that  with  an 
increase  in  the  angle  tp  in  the  extreme  on  the 
stress  curves  also  increase  their  magnitudes  both 
under  tension  and  compression. 


Fig.  2.  Dependence  of  the  maximum  and 
minimum  values  ae(r)  on  the  angle  of  the  filler 

winding  cp  (-  in  the  zone  of  tension,  -  in  the  zone 
of  compression),  1  -  max,  2  -  min. 

Analysis  of  normal  thermal  stresses  acting 
through  the  thickness  and  along  the  length  of  a 
cylindrical  shell  with  the  angle  (p  varying  from  3° 
to  9°  in  the  temperature  range  from  20  to  1200°C 
revealed  that: 

•  the  maximum  values  of  Cr!  and  a,}  increase: 
az  in  the  tension  zone  2.5  times,  ad  4  times; 
a.  in  the  compression  zone  4  times,  crg 
3  times. 

•  the  maximum  values  of  cr.(r )  are  6  times 
higher  than  those  of  a, (r)  in  the  tension 
zone  and  5  times  in  the  compression  zone; 

•  the  zone  of  action  of  the  maximum  stresses 
of  is  shifted  by  38  -  40%  towards  the 

outer  surface  of  the  cylinder  in  the  zones  of 
both  tension  and  compression. 
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PECULIARITIES  OF  FORMATION  OF  THE  STRUCTURE  OF  SOLID 
ELECTROLYTES  WORKING  UNDER  THERMAL  SHOCK 

Yakushkina  V.S.,  Korablyova  E.A.,  D'yachenko  O.P.,  Vikulin  V.V. 

Federal  State  Unitary  Enterprise  “Obninsk  Research  and  Production  Enterprise 
“TECHNOLOGIYA”,  Obninsk,  Russia 


Zirconia  solid  solutions-based  cersmics,  having 
such  valuable  properties  as  high  temperature  of 
melting,  chemical  stability  in  the  melts  of  metals 
and  anion  conductivity,  is  widely  used  as  solid 
electrolytes  for  the  oxygen  concentration  sensors 
for  various  applications: 

in  the  systems  of  electronical  adjustment  of 
fuel  injection  in  the  automobile  engine; 
monitoring  of  the  physical/chemical  processes 
in  liquid-  metal  media; 

measuring  of  the  oxygen  content  in  liquid 
steel  in  express-analysis  in  metallurgy. 

The  materials  (for  solid  electrolytes)  working 
under  thermal  loads  in  liquid-metal  media  (steel, 
special  alloys,  lead,  cuprum)  must  possess  high 
indices  of  density,  anion  conductivity,  heat 
resistance  which  in  turn  results  from  the  structure 
and  phase  composition. 


The  interconnection  between  the  structure  of  solid 
electrolytes  made  of  ceramics  (produced  from 
high-activity-,  homogeneous,  fine-dispersed 
powders)  on  the  base  of  zirconia  partially 
stabilized  by  yttria  and  magnesia,  and  heat 
resistance  has  been  studied.  The  mechanisms  for 
improving  the  thermo-mechanical  properties  by 
the  use  of  polyphormic  transitions  and  thanks  to 
distinction  between  the  phase  linear  expansion 
coefficients  are  determined.  The  tests  of  solid 
electrolytes  as  a  part  of  oxygen  concentration 
sensors  in  the  various  liquid-metal  media  have 
been  carried  out  in  production  conditions.  The 
graphs  of  the  dependence  of  the  sensor 
electromotive  force  on  the  test  time,  phase 
composition  and  the  structure  of  the  ceramics 
produced  are  presented. 

It  is  shown  that  the  results  of  the  studies  carried 
out  are  applied  in  manufacturing  the  pilot  batch  of 
solid  elecrtolytes  for  the  work  in  production 
conditions. 
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INVESTIGATION  OF  BRITTLENESS  OF  ANNEALED  METALLIC  GLASS 
BY  BOTH  MICROINDENTATION  AND  U-  METHOD 

Ushakov  I.V..  Feodorov  V.A.,  Permyakova  I.J. 

Derzhavin  Tambov  State  University,  Tambov,  Russia 


INTRODUCTION 

Fabrication  and  application  of  metallic  glasses 
(MG)  is  of  particular  scientific  and  practical 
interest.  The  considerable  attention  focused  on  MG 
is  motivated  by  the  complex  unique  properties  of 
these  materials  [1-3]. 

One  of  the  negative  moments  in  application  of  MG 
exhibits  tendency  to  brittleness  accompanying 
thermal  treatment  [4,  5],  Thus  reception  of  an 
information  about  this  question  is  of  great 
significance. 

MATERIALS  AND  EXPERIMENTAL 
TECHNIQUE 

We  studied  an  82K.3K.hSR  metallic  glass  of  the 
composition  (wt  %)  83.7Co+3.7Fe+3.2Cr+9.4Si  in 
the  form  of  a  ribbon  30  pm  thick.  Prior  to 
experiments,  samples  (3x10  mm)  were  annealed  in 
a  furnace,  in  the  temperature  range  of  7^=538- 
1183K  and  held  at  a  specified  temperature  for 
10  min. 

The  character  of  deformation  and  fracture  of  the 
MG  were  investigated  by  U  -  method  and  by 
method  of  microindentation  of  the  MG  deposited 
on  a  substrate.  We  tested  15  samples  at  each 
temperature  for  statistics. 

In  the  traditional  U  -  method  we  estimated  the 
deformation  of  bend  e  at  which  take  place  brittle 
fracture  of  the  MG  [2]: 

£=h/(d-h)  (1) 

where  h  is  the  thickness  of  the  sample,  d  is  the 
distance  between  two  parallel  plate  of  the  specific 
designed  measuring  instrument  at  the  moment  of 
fracture. 

The  microindentation  of  the  MG  deposited  on 
substrate  (composite  with  microhardness  of:  1  « 
151  kG/mm2;  2  «  16  kG/mm2;  3  <  10  kG/mm2, 
thickness  of  «  1  mm)  was  carried  out  on  a  PMT-3 
microhardness  gauge. 


EXPERIMENTAL  RESULTS  AND 
DISCUSSION 

a)  It  is  found  by  U-method: 

Dependence  of  the  deformation  of  bend  (Fig.  1) 

At  the  7’a„<628K  the  deformation  MG  proceed  on 
the  flatness  of  sliding.  The  fracture  is  not  observed, 
if  we  bring  bend  to  contact  of  ends  of  sample. 

It  is  happened  thanks  to  the  plastic  deformation, 
which  display  in  rise  of  slip  bands. 


T  .  K 

Fig.  1  Influence  of  thermal  treatment  on  the  deformation 
of  fracture  fin  the  temperature  range  of  7;n=538-l  183K 

The  visible  loss  plasticity  starts  at  a  T,„«628K 
accompanying  formation  main  crack  and  leading  to 
fracture  of  sample.  The  further  reduction  occurs 
with  beginning  crystallization  MG.  The  loss 
plasticity  lead  to  growth  brittleness 
correspondingly. 

At  a  7’0„«823K  conform  to  maximum  brittleness 
connect  with  transition  in  a  submicrocrystallic 
state.  This  temperature  coincides  with  data  of 
differential  scanning  caiorimetiy  at  which  runs 
crystallization  MG. 
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b)  It  is  found  by  method  of  microindentation: 

The  critical  temperature  of  annealing  at  which 
emerges  of  cracking  formation  during  indentation. 
T,  depends  for  material  of  substrate.  Tc  is  revealed 
on  elastic  substrate  better  than  on  the  hard  ones. 

It  is  estimate  that  macropictures  of.  destruction  and 
deformation  of  the  metallic  glass  after  indentation 
depends  from  properties  of  used  substrate.  At  the 
same  time,  the  experimentally  established  critical 
temperatures,  which  correspond  to  ductile  -  brittle 
transition,  are  near-by  for  all  substrates.  At  all 
substrates  similar  statistical  regularities  are 
obtained. 

The  endurance  to  cracking  is  lowered 
exponentially  after  exceeding  Tc  and  reaches  the 
minimal  value  near  temperature  of  crystallisation 
(Fig.  2) 


Fig.  2.  Dependences  of  load  P  upon  indentation  on  the 

annealing  temperature  T,  foijjrobability  of  the 

crack  formation  W=0,5:  M-  substrate  fib  1,  O  — 

substrate  fib  2,  ^  -  substrate  fib  3. 

Substrate  Ns  1.  P0=106,8g±  14, 8g;  A=345,2g  ±  29, 5g; 
T0=475  K;  C=7,2±2,4K. 

Substrate  fib  2.  P0=84,8g±  18, 9g;  A=271,6g± 23, 7g; 
T0=673  K;  C=49±35,7  K. 

Substrate  Ns  3.  P0=72,lg±  3,9g;  A=408,8g± 6,6g; 
T0=673  K;  C=3 1 ,3  ±  1,7  K  [6]. 


Thus,  the  brittleness  is  raised  exponentially  after 
exceeding  Tc  and  reaches  the  maximal  value  near 
temperature  of  crystallisation  correspondingly. 
These  results  tally  with  analogous  results  of  U  - 
method. 

CONCLUSIONS 

A  change  the  brittleness  of  annealed  metallic  glass 
is  investigated  by  traditional  U  -  method  and  by 
method  of  microindentation  on  polymer  substrates. 
The  satisfactory  concurrence  of  data  is  found.  As  a 
result,  the  data  of  U  -  method  and  data  of 
microindentation  may  be  united  and  may  be  used 
for  analysis  of  structure  and  mechanical  properties 
of  metallic  glass.  In  some  case  the  method  of 
microindentation  is  alternative  method  for  research 
mechanical  characterristic. 

ACKNOWLEDGMENTS 

This  work  was  supported  by  the  Grant  of  RBFR 
(project  no.  01-01-00403). 

REFERENCES 

1  A.  M.  Glezer  and  B.  V.  Molotilov,  Structure  and 
Mechanical  Properties  of  Amorphous  Alloys 
(Moscow,  1992). 

2  A.  V.  Likhachev  and  V.  E.  Shudegov, 
Organization  Principles  of  Amorphouse 
Structures  (St.  Petersburg  Gos.  Univ.,  St. 
Petersburg,  1999). 

3  K.  Sudzuki,  H.  Fudzimori,  K.  Hasimoto 
Amorphouse  alloys  (Metallurgiy,  Moscow, 
1987) 

4  Sestak  J.  II  Thermochimica  Acta.  1987,  Vol. 
110,P.  427-436 

5  C.  A.  Pampillo,  D.  E.  Polk  II  Mater.  Sci.  and 
Eng.  1978,  Vol.  33,  No  2,  P.  275-280 

6  V.  A.  Feodorov,  I.  V.  Ushakov,  Technical 
Physics.  2001  Vol.  46,  No.  6,  P.  673-676 


313 


SECTION  D. 

JIS^yM3N£PgQPggIigSOFjMATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


INVESTIGATIONS  OF  RADIATION  CHARACTERISTICS  OF  SPACE 
VEHICLES  EXTERNAL  SURFACES 

Aksyutenko  A.,  Bass  V..  Smelaya  T. 

Institute  of  Technical  Mechanics  of  National  Academy  of  Science  (NAS)  and 
National  Space  Agency  (NSA),  Dnepropetrovsk,  Ukraine 


The  luminescence  processes  observed  in  the 
vicinity  of  space  vehicle  (SV)  surfaces  are  one  of 
symptoms  of  surrounding  self-atmosphere  action. 
Physicochemical  processes  in  the  surrounding  SV 
self-atmosphere  are  complicated  and  multiform. 
Recently  more  works  appear  where  metastable 
NO,  NO2,  N2  and  OH  radiant  particles  arising  as  a 
result  of  SV  interaction  with  the  multicomponent 
free  stream  in  upper  atmosphere,  and  first  of  all 
with  atomic  oxygen,  are  considered  as  the  main 
factor  luminescence.  A  number  of  regularities 
were  discovered  as  a  result  of  great  amount  of  the 
orbital  data  processing  [1]: 

in  the  vicinity  the  low-orbital  SV  surfaces: 

•  luminescence  intensity  depends  on  their 
temperature,  kind  of  finish  material  and  is 
proportional  to  the  cos©*,  where  0*  is  the 
local  angle  of  attack  (the  angle  between  the 
normal  to  the  surface  of  the  SV  and  the 
motion  direction  of  the  vehicle); 

•  continuous  luminescence  takes  place  mainly 
at  the  visible  spectrum  diapason  with  the 
wave  length  of  ?„~6800  A  and  covers  the 
surface  area  of  ~20  sm,  which  corresponds 
to  the  life  time  of  N02  radiant  molecules 
equal  to  ~0.6-K).7  ms; 

in  the  vicinity  the  high-orbital  SV  surfaces: 

•  luminescence  intensity,  mainly  of  OH 
particles,  is  proportional  to  the  cos0s,  but  to 
cos3©*; 

•  the  thickness  of  luminous  layer  in  the 
vicinity  of  the  object  riches  ~l-s-10  m  and  its 
brightness  increases  in  the  direction  of  red 
diapason  spectrum. 

In  the  work  [2]  the  results  were  summarized  and 
presented  as  the  mathematical  model  of  the  SV 
external  surface  luminescence  at  altitudes  of  100- 
600  km  during  the  motion  along  the  shady  orbit 
part.  By  the  use  of  these  models  the  analytical 
expressions  for  calculations  of  spatial  distribution 
radiation  power  density  (indicatrix  of  dispersion) 
have  been  obtained  for  various  configuration  of 
SV.  The  dependence  of  spectral  density  Me  x  of 

SV  surface  element  energetical  luminance  as  a 
function  of  angle  of  incidence  was  taken  as 


MeX  =  A/°*,x(cos  0J", 

where  M°e,x  is  the  spectral  density  of  SV  surface 
element  energetic  luminescence  when  this  element 
is  normal  to  the  free  stream  velocity.  The 
coefficient  n  is  equal  to  1  for  the  low-orbit  SV  and 
to  3  for  SV  moving  along  the  comparatively  high- 
orbits  (~600  km). 

As  a  result  of  natural  data  processing  the 
expressions  for  M°e,x  as  a  function  of  the  orbit 
height  h,  finish  design  material,  its  temperature 
and  wave  length  X  are  obtained  in  the  work  [2]. 

Radiation  power  IeX  (luminescence)  of  the  flat 
element  is  characterized  by  the  expression 

7e.x(6,»  9a)  =  — cos  08, 

TZ 

where  F  is  a  surface  element,  0„  is  the  angle 
between  the  normal  to  the  surface  of  the  SV  and 
the  direction  to  observer  in  the  assumption  that 
one  is  at  the  infinitely  large  distance  from  the  SV 
along  the  sight  ray  r8(08,<p8).  Under  such 
assumptions  analytical  expression  for  the  radiation 
power  of  the  simple  shape  SV  (spherical,  conical 
and  cylindrical)  are  obtained  [3], 

Using  corresponding  quantities  of  M°e,x  for  the 
given  orbit  height  h,  surface  material  type,  its 
temperature  and  wave  length  X  we  can  determine 
the  dependence  of  SV  radiant  force  Ie  x  on  the 

direction  of  its  sight  vector  re  by  the  numerical 

integration  of  local  luminescence  characteristics 
along  the  SV  surface. 

The  main  attention  was  paid  to  the  development  of 
effective  numerical  algorithms  and  realization  with 
their  aid  of  multiparametric  investigation  of 
integral  characteristics  of  SV  luminescence  having 
complicated  geometrical  shape  taking  into  account 
structure  elements  mutual  shading. 
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The  results  of  radiation  normalized  power 
indicatrixes  calculations  Ie Iet\  max(tp4) 

for  SV,  which  configuration  is  similar  to  the  main 
block  of  “Mir”  orbital  complex  and  also  to  one  of 
versions  of  the  main  satellite  and  subsatellite  of 
the  experimental  space  complex  “Poperedjennja” 
planning  for  realization  of  complex  researches  in 
the  upper  atmosphere  and  Earth  magnetosphere  at 
altitudes  of  ~  600  km  [3],  are  given.  It  is  shown 
that  screening  effects  introduce  the  essential 
contribution  to  the  total  indicatrix  of  dispersion. 

These  results  were  used  to  formulate  the 
requirements  concerning  the  radiation  conditions 
in  the  neighborhood  of  spectrophotometric 
equipment  established  on  these  satellites. 

Created  software  has  appeared  rather  effective  for 
solution  of  the  broad  circle  of  satellite  photometry 
problems.  As  an  example  a  comparison  of 
calculation  results  for  theoretical  luster  curves  R 
(in  stellar  quantities)  for  “Raduga”  type  SV  (curve 
1  is  for  the  case  without  shading,  and  curve  2  is  for 
the  case  with  shading)  with  the  data  of  ground 
observations  (wavy  curve)  made  in  October 
12,1990  for  a  time  period  from  19.30  up  to  20.05 
[4]  is  shown. 


Vehicle  orientation  had  following  features  during 
this  period.  The  normal  to  solar  panels  (SP)  was 
directed  to  the  sun,  and  the  angle  between  the 
normal  and  the  direction  to  the  observer  varied 
from  6°  up  to  20°.  In  calculations  the  specular- 
diffuse  scheme  of  solar  stream  reflection  from  SV 
finish  materials,  which  coefficients  were 
determined  as  a  result  of  specially  carried  out 
experiments,  was  used.  Curves  1,  2  in  the  Figure 


correspond  to  calculation  results  without  taking 
shading  into  account  and  taking  into  account  SV 
structure  elements  mutual  shading.  The  calculated 
results  (curve  2)  coincide  well  with  ground 
observations.  During  SV  motion  SP  were  turned 
periodically  for  the  corresponding  orientation  to 
the  sun.  It  caused  SP  “oscillation”.  Panels  oscillate 
with  1°  amplitude  explains  well  the  wavy  behavior 
of  the  observed  luminescence  curve. 

Capabilities  of  laboratory  modeling  by  vacuum 
and  aerodynamic  unit  VAU-2M  ITM  NAS  and 
NSA  of  chemiluminescence  and  ion-molecular 
responses  causing  SV  luminescence  were 
considered.  The  unit  allows  to  simulate  SV  flight 
conditions  at  high  altitudes  ( H  >  150  km).  The 
unit  description  and  its  basic  characteristics  are 
given  in  [4,5].  The  main  responses  causing 
luminescence  are  chosen  to  be: 

•  gas-phase  reaction  or  the  reaction  of  gas 
with  a  solid  body  causing  formation  of 
exited  particles,  f.e.  OH; 

•  molecular  dissociation  as  a  result  of 
collisions  with  object  materials  and  the 
subsequent  recombination  of  atoms  causing 
formation  of  electronic-exited  and 
oscillatory-forced  states; 

•  interactions  in  plasma; 

•  O  and  O2  adsorption  on  SV  surfaces; 

•  recombination  with  NO2  molecules 
formation  radiating  in  an  continuous 
spectrum; 

•  reactions  causing  material  ablation  from  SV 
surface  or  change  of  their  structure. 

The  problems  related  to  practical  realization  of 
laboratory  experiment  are  discussed. 
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In  additional  to  diamond  and  cubic  c-BN  existent  in 
the  B-C-N  composition  triangle,  dense  phases  of 
carbonitrides  and  boron  carbonitrides  are  considered 
as  potential  superhard  material  [1],  Recently  cubic 
BC2N  was  synthesized  from  graphite-like  BQN  at 
pressures  above  1 8  GPa  and  temperatures  higher  than 
2200  K  [2],  The  hardness  of  c-  BC2N  is  higher  than 
that  of  c-BN  single  crystals,  and  only  slightly  less 
than  of  diamond  [3]. 

In  this  paper  some  optical  properties  of  this  material 
were  investigated  by  ellipsometric  and  luminescent 
methods. 

The  optical  parameters  of  synthesized  samples  of  c- 
BC2N  the  refraction  index  (n)  and  extinction 
coefficient  (k),  have  been  determined  by  the  multi- 
angle-of-incident  ellipsometry  (MAI),  using  laser 
ellipsometer  with  the  He-Ne  laser  as  source  of 
monochromatic  light  (i\=632,8  nm). 

The  measurement  of  the  polarization  angles  9  and  A 
were  carried  out  with  the  LEF-3M  laser  ellipsometer 
in  the  range  of  the  angles  of  incidence  <p  =  50-70°. 
The  angles  9  and  A  were  measured  using  a  double¬ 
zone  method  [4,5]. 

The  optical  parameters  n,  k  have  been  determined 
with  solution  of  inverse  ellipsometric  problem  in  the 
semiinfinite  model  for  multiangles  of  incidence.  For 
calculation  of  these  parameters  the  developed 
program  solution  has  been  used  [4].  It  is  based  on  a 
modified  method  of  general  search  and  a  specific 
choice  of  the  fitting  function.  Since  the  fitting 
function  had  many  minima,  the  search  of  a  global 
minimum  was  performed  using  the  9,  A  for  10-15 
angles  of  light  beam  incidence. 

Figure  1  shows  the  polarization  angles  9  and  A  in 
dependence  of  the  incidence  angle  <p.  The 
characteristic  point  of  the  vj/(cp)  curve  is  minimum 
caused  by  the  Brewster’s  angles  cp  B  where  the  A(<p) 
curve  is  arrived  at  the  value  of  A=90°.  Using  the 
values  of  tp  b,  tg9B  we  can  obtain  the  first 
approximation  for  the  optical  constants: 

n  =  tg<pB 


sm<pB  -sin 2 q>B 


<p 


Fig.  1  Polarization  angles  9  and  A  vs  angle  of 
incidence  tp  for  multicrystalline  C-BC2N. 

As  the  final  result  of  following  solution  of  inverse 
ellipsometric  problem  it  was  obtain:  n  =  2.06  ±  0.01, 
k  =  0.16  ±  0.06.  The  dependence  of  n  on  p  for  the 
related  cubic  materials  is  shown  in  fig.2.Besides,  the 
value  of  n  can  be  connected  with  the  density  of 
material  p  by  the  so-called  molecular  refraction  [6]: 

M  =  w/p  -(n2— I)/  (n2  +  2), 
where  w  is  the  atomic  weight. 
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Fig.2.Dependence  of  refraction  index  on  density  for 
various  cubic  phases. 

The  value  of  molecular  refraction  M  in  dependence 
of  density  p  is  shown  in  Fig.3  for  several  related 
materials. 


Fig.3  Dependence  of  molecular  refraction  on  density. 

Some  support  of  nonhomogeneous  surface  we  obtain 
from  time-resolved  photoluminescence  spectrum 
(PLS),  see  Fig.4.  That  were  measured  in  two  regimes 
in  case  of  all  surface  illumination  and  when  only 
“defected  region”  was  illuminated  through  small 
diaphragm.  The  experiment  shows  mainly  all 
intensity  of  PL  take  place  from  the  mentioned  “defect 
spots”.  As  to  the  spectra  shape:  1)  that  have  very 
broad  band  (about  2  eV),  with  long  tail,  beginning  in 
fact,  directly  from  excitation  quanta  energy,  and, 
hence  it  is  probably  begin  from  near  to  edge  of 
energy  gap,  penetrating  deeply  inside  of  sample.  The 
spectra,  begging  in  generally  monotonous,  have  some 


slight  structure  at  energy  of  ~  3eV,  demonstrate 
existing  relatively  shallow  levels.  Probably,  that  is 
nitrogen  N-origin  donor  levels,  which  is  known  for 
diamond,  doped  by  N2  with  approximately  the  same 
energy  (about  1+1,5  eV  below  conductive  band 
edge).  As  to  kinetic  of  PL,  relaxation  process  of  PL 
have  short  -  time  component,  (mainly  for  high  energy 
spectral  range),  t  ~  10  nsec,  and  more  long  time 
nonexponential  decay. 


Fig.4.  Photoluminescence  spectra  of  BC2N  measured 
with  different  time  delay:  1-0  ns,  2-4  ns,  3-6  ns. 
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One  of  some  moments  in  a  superalloy’s  design  is 
a  formation  of  the  stable  microstructure  that 
guarantees  an  acceptable  level  of  service 
parameters.  There  is  a  diffusion  coarsening  of  the 
given  microstructure  under  high  temperatures  and 
stresses,  which  leads  to  a  lowering  of  the  service 
characteristics.  That  is  why  a  prediction  of  the 
superalloy’s  structural  stability  is  the  important 
problem  of  physical  metallurgy. 

The  different  types  of  microstructures  in  structural 
alloys  can  be  divided  into  three  main  groups: 

i)  the  isolated  particles  of  the  second 
phase  in  a  matrix  phase.  Such  a  structure  is 
formed,  for  example,  in  the  Ni-base  superalloys 
and  consists  the  small  inclusions  of  y’  -  phase  in  y 
-  matrix. 

ii)  Lamellar  structure  that  is  formed,  for 
example,  in  the  Ni-base  superalloy  single  crystals 
under  uniaxial  loading  along  <100>  direction  of 
fee  lattice  at  high  temperatures  (so-called  raft- 
structure);  the  same  type  of  structures  is  found  in 
the  intermetallic  Ti-AI  alloys  (lamellas  of  y  (TiAl) 
and  a2  (Ti3Al)  phases). 

iii)  Fibrous  (rod)  structure  that  is  formed, 
for  example,  in  the  eutectic  superalloys  like 
CoTaC,  obtained  by  unidirectional  solidification. 

Analysis  of  the  models  of  diffusion  coarsening  of 
the  microstructures  under  consideration  (Lifshiz- 
Slezov-Wagner  [1],  Lozovoi-Razumovskii  [2], 
Cline  [3])  shows  that  the  kinetics  of  the  processes 
in  all  cases  is  described  by  the  following 
expression: 

V-sc.gD^, 

where  s  is  the  structural  factor,  c,  are  the 
concentrations  (solubility’s)  of  the  diffusing 
components  in  the  matrix  and\or  in  the  second 
phase,  a  is  the  surface  tension  between  the  phases, 
Dejj  is  the  effective  diffusion  coefficient  of  the 
microstructure.  Therefore,  the  stability  of  the 
microstructures  is  controlled  by  a  number  of 
structural  (sj,  thermodynamical  (c/  and  or)  and 
kinetical  (A#)  parameters. 


The  alloy’s  microstructures  having  a  high  level  of 
stability  against  the  process  of  diffusion 
coarsening  have  to  have  an  acceptable 
combination  of  the  given  parameters.  In  this  paper 
the  most  effective  approaches  to  affect  on  the 
parameters  under  consideration  is  discussed. 

1.  The  structural  parameter  5  The 
considered  models  of  diffusion  coarsening  of 
different  microstructures  are  based  on  assumption 
that  the  initial  microstructure  is  imperfect.  For 
example,  in  the  1  type  microstructure  the  isolated 
particles  of  the  second  phase  in  the  matrix  have 
the  different  sizes.  Such  a  microstructure  is 
unstable  against  the  process  of  diffusion 
coarsening:  the  small  particles  begin  to  dissolve  in 
the  matrix,  and  the  large  particles  grow.  As  a 
result  of  this  process  the  mean  size  of  the  particles 
in  the  matrix  increases  with  time  at  high 
temperatures.  Therefore  the  efficient  approach  to 
increasing  the  stability  of  microstructure  in 
superalloys  is  a  production  of  more  perfect 
microstructure.  The  rule  is  “the  structure  has  to  be 
as  perfect  as  possible”. 

2.  Thermodynamical  parameters  c,  and 

<j. 

-  Q  -  the  solubility’s  (concentrations)  of  the 
diffusing  components  in  the  matrix  and\or  in  the 
second  phase.  The  model  analysis  shows  that  the 
lower  a  -  values,  the  higher  the  stability  of 
microstructure.  Therefore  to  improve  the  stability 
of  a  given  microstructure  the  addition  of  elements 
with  a  low  solubility  in  the  matrix  can  be  used. 
For  example,  in  the  Ni-base  superalloys  Re  can  be 
classified  like  a  such  element. 

-  cr  -  the  surface  tension  between  the  phases.  The 
rule  is:  the  lower  a  -  values,  the  higher  the 
stability  of  microstructure.  For  example,  the 
coherent  interphase  boundaries  y’\y  in  the  Ni-base 
superalloys  are  characterized  a  very  low  a -value. 

If  the  interfaces  in  a  given  alloy  are  incoherent 
ones,  a  possibility  of  producing  so-called  “special 
boundaries”  have  to  be  considered.  For  example, 
the  special  interphase  boundaries  are  found  in  the 
eutectic  superalloys  type  y\MC  [4]. 

Further,  microalloying  additions  can  be 
considered  as  a  power  tool  to  improvement  of  the 
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structural  stability.  Actually,  some  microalloying 
elements  (for  instance,  boron)  tend  to  segregate  to 
the  internal  interfaces  (grain-  and  interphase 
boundaries).  This  result  was  obtained  in  [4]  by 
means  of  the  radiotracer  technique.  A  segregation 
of  the  microalloying  additions  decreases  the  a  - 
value  in  the  alloy.  As  a  result  of  this  fact  the 
stability  of  microstructure  increases. 

2.  Diffusion  parameter  Deg. 

The  effective  diffusivity  of  the  microstructure  Deff 
is  given  by  the  relation 

Deff »  Dv  +  (5\1)  D 

Here  Dv  and  D’  are  the  diffusion  coefficients  of 
the  components  in  the  lattice  and  interphases,  8  is 
the  diffusion  depth  of  the  interphases,  1  is  the 
characteristic  size  of  the  phases  in  the 
microstructure.  In  [4]  one  can  find  information 
about  the  parameters  Dv  ,  D\  8  and  1  in  the 
superalloys. 

From  the  point  of  view  of  the  A#~  parameter,  to 
increase  the  stability  of  microstructure  one  has  to 
find  an  approach  to  decreasing  the  Deff-  values  in 
the  alloy.  For  example,  in  the  Ni-base  superalloys 
such  an  approach  consists  in  the  addition  to  the 
alloys  number  refractory  metals  (W,  Mo,  Ta,  Re 
etc.). 

The  microalloying  additions  are  also  useful  ones 
in  this  context  because  these  elements  usually 
tend  to  low  the  diffusivity  of  interfaces  in  the 
alloys  [4]. 

Let  us  specially  consider  important  results  that 
were  obtained  in  [5,6,7].  It  was  established  that  in 
the  Ni-base  superalloys  the  diffusivity  of  the 
interphases  y’\y  strongly  depends  on  the  value  f  = 
(ay  -  ay-  )\ay  (so-called  misfit);  here  ay  and  ay-  are  the 
lattice  parameters  of  the  y  and  y’  -  phases, 
respectively.  It  was  also  found  that  the  minimum 
diffusivity  was  observed  for  the  interphases  with  a 
small  positive  f  -value.  That  is  why  the  Ni-base 
superalloys  with  a  small  positive  value  of  misfit 
have  a  number  of  preferences.  The  “positive 
misfit”  factor  especially  important  for  the  Ni-base 


superalloys  intend  to  a  long-time  service  under 
high  temperatures  and  loading.  In  such  conditions 
the  raft-structure  can  be  fast  created  in  the  alloy 
and  the  time-to-rupture  will  be  depend  on  the 
diffusivity  of  interphase  boundaries  y\y’  in  the 
lamella-like  microstructure. 

In  conclusion,  the  approaches  under  consideration 
are  applied  to  prediction  of  the  structural  stability 
of  the  Ni-Al-base  intermetallic  alloys  at  high 
temperatures.  A  temperature  dependence  of  the 
diffusion  coefficients  of  the  bulk  and  grain 
boundaries  in  the  Ni-Al-base  intermetallic  alloys 
is  analyzed  in  compare  with  behavior  of  the  same 
characteristics  in  the  Ni-base  superalloys  [4,8].  It 
is  established  that  the  Ni-Al-base  intermetallic 
alloys  at  high  temperatures  T  >  1300°  C  have  a 
preference  in  compare  with  the  traditional  Ni-base 
superalloys. 
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It  is  known  that  Zn  atoms  in  III-V  nitrides  used  as 
doping  defects  bring  about  hole  conductivity  of 
the  compounds.  Theoretical  LMTO-FG  studies  of 
SiC:Zn  were  carried  out  earlier  only  v/ithin  Zn- 
>Si  substitution  model.  An  overview  of  literature 
on  SiC  revealed  a  total  absence  of  experimental 
evidences  concerning  the  influence  of  Zn-doping 
atoms  on  the  properties  of  this  compound.  At  the 
same  time  it  was  found  that  the  introduction  of 
Me3d-atoms  into  the  crystal  structure  of  SiC  can 
affect  its  properties.  For  example  mechanical 
properties  of  SiC  matrix  may  be  improved  by 
introducing  TiC  as  the  second  phase.  On  the  other 
hand,  Ti-,  Ni  coatings  are  reported  to  be 
strengthened  in  the  presence  of  SiC,  TiC4,  TiB2. 
At  the  same  time  Ni/SiC,  Ni/C(diamond)  coatings 
also  show  much  promise.  In  the  series  of  Me3d 
elements,  titanium  and  nickel  atoms  are  located 
respectively  at  the  beginning  and  the  end  of  the 
row  and  have  either  two  electrons  (Ti)  or  two 
holes  (Ni)  on  the  Me3d-valence  orbitals.  Probably 
the  latter  circumstance  determines  the  similarity 
of  Me-C  chemical  bonding. 

In  this  report  we  present  the  results  of  our 
calculations  of  SiC:Zn  electronic  structure  and 
compare  them  with  the  pecularities  of  interatomic 
interactions  in  SiC:  (  Ti,  Ni  ).  The  investigations 
were  carried  out  within  the  density  functional 
theory  (DFT)  in  the  local  spin-density 
approximation  by  Xa-method  of  discreet 
variations;  the  calculation  details  were  used  as 
published  earlier.  The  electronic  structure  of 
perfect  and  doped  silicon  carbide  was  modeled  by 
[Si|.xZnxCto]24'  clusters.  Substitutional  (Zn->Si) 
and  interstitial  (Zn->i)  defects  have  been 
examined.  The  following  investigations 
parameters  have  been  considered:  atomic  charges, 
ionicity  parameter  of  interatomic  Si-C,  Zn-(Si,C) 
bonds,  the  distribution  of  electronic  states  on  the 
electronic  scale,  total  and  partial  interatomic 
atom-atom  and  orbital-orbital  bond  orders,  total 
energies  of  clusters  and  bonding  energies  of 
constituent  atoms. 

The  following  findings  have  been  obtained.  In  the 
Zn->Si  substitution  model  with  the  nearest 
tetrahedral  C-environments,  the  degree  of  ionicity 
of  Si-C  chemical  bonding  is  0.33,  whereas  when 


an  impurity  atom  is  located  in  Si-tetrahedral 
interstice  this  value  decreases  to  0.25.  Here  Zn 
atom  exhibits  a  similar  tendency:  0.25  in  the 
substitution  position  and  0.23  in  the  interstitial 
site.  This  tendency  is  indicative  of  a  weakening  of 
interatomic  interactions  when  going  from  the 
substitutional  model  to  the  interstitial  model.  This 
tendency  is  also  supported  by  the  variations  in  the 
overall  covalence  (reduced  to  atom)  and  valence 
of  the  clusters:  these  parameters  are  maximum  in 
the  substitutional  model.  Detailed  analysis  shows 
that  in  the  substitutional  model  Zn  atoms  interact 
both  with  C  atoms  (average  bond  population  is 
0.3 14e)  and  Si  atoms  of  the  second  coordination 
sphere  (0.005e).  Zn3d  AO  interact  almost  not  at 
all  with  Si  atoms  of  the  second  coordination 
sphere,  whereas  their  interaction  with  C(2s,2p)- 
AO  is  nonzero.  In  the  substitutional  model,  the 
basic  interactions  in  the  Zn-C  chemical  bonding 
are  the  Zn(4s,4p)-C(2s,2p)-AO  interactions,  the 
diffuse  C2p-AO  exhibiting  a  much  greater 
activity.  The  introduction  of  a  Zn  atom  into  the 
interstitial  position  with  Si4  nearest  tetrahedral 
surrounding  results  in  an  active  interaction  of  all 
Zn3d,4s-,4p-AO.  The  interaction  of  Zn-AO  with 
Si  atoms  nearest  to  Zn  atoms  is  of  a  weakly 
covalent  type  (mean  bond  population  0.072e), 
with  carbon  atoms  from  the  second  coordinate 
sphere  it  has  an  antibonding  character  (mean  bond 
population  -  0.022e),  and  with  carbon  atoms  from 
the  third  coordinate  sphere  -  a  bonding  character 
(mean  bond  population  0.0 1 5e). 

The  matrix  (Si,C)  and  doping  atoms  (Zn)  in  our 
calculations  are  in  the  non-magnetic  state. 

Ti  and  Ni  doping  atoms  in  3C-SiC  have  the 
largest  values  of  partional  covalence  parameters  in 
these  clusters  as  compared  with  Zn. 

This  work  was  supported  by  RFBR  (project  JsTs  01- 
03-33175). 
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Particulate  reinforced  aluminium  matrix 
composites  are  considered  as  an  ideal  substation 
for  antifriction  materials  to  be  used  on  engine 
parts  in  aerospace  and  particularly  in  automotive 
industries,  wich  require  good  wear  resistance  and 
friction  properties. 

In  our  previous  work,  sliding  wear  behavior  of 
aluminium  alloy  composites  reinforced  with  SiC 
particles  have  been  studied  [1,2].  It  was  showed 
that  the  wear  rate  of  the  composites  was  lesser 
than  that  of  the  bronze  (Table)  and  it  further 
decreased  with  particle  volume  fraction  and 
particle  size  in  the  matrix  alloys.  The  value  of  the 
coefficient  of  friction  of  Al-12%Si  alloy 
containing  up  to  5  vol.  %  SiC  was  <0,01  in  sliding 
against  a  hard  steel  counterface  (>45  HRC)  with 
lubricant  limited. 

To  analyze  wear  mechanisms,  wear  surface  were 
examined  by  optical  and  electron  (TEM  and 
SEM)  microscopy.  It  was  found  that  the  hard 
ceramic  particles  act  as  load-supporting  elements 
carryed  the  normal  load  and  prevent  the  softer 
matrix  from  becoming  directly  involved  in  the 
wear  process. 

The  friction  surface  is  contained  traces  of  plastic 
deformation  in  the  form  of  the  light  and  grey 
bands.  In  the  grey  bands  micrographs  are  showed 
the  initial  features  of  structural  self-organization 
in  the  surface  layers  similar  to  matrix  cells 
surrounding  by  the  particles.  A  major  wear 
mechanism  was  the  abrasion  wear  with  partial 
particle  cracking.  Increase  in  the  applied  load 
increased  the  wear  severity  by  changing  the  wear 
mechanism  from  abrasion  to  intensive  particle 
chipping  induced  delamination  wear. 

The  purpose  of  this  work  is  to  study  the  effect  of 
the  interfacial  bond  strength  between  particles  and 
matrix  on  the  wear  resistance  of  composites. 
Samples  of  composites  are  prepared  by  the 
method  of  mechanical  mixing  of  SiC  particles 
(7  vol.%)  with  average  diameter  of  28  pm  in  a 
molten  matrix  alloy  Al-12%  Si.  To  arise  the 
particle/matrix  interfacial  bonding  the  additions  of 
magnesium  (5  wt.%)  and/or  scandium  (up  to 
1,5  wt.%)  to  matrix  alloy  are  selected.  The  quality 
of  adhesion  bonds  between  SiC  particles  and 
matrices  is  estimated  by  compression  testing  in 


three'  stages  with  an  upset  of  50,  75  and  87,5%. 
Uniform  distribution  of  SiC  particles  in  the  matrix 
is  analyzed  by  the  microstructural  method  of  the 
equal-cell  division.  Wear  tests  (dry  friction)  are 
carried  out  by  using  a  pin(composite)-on-disk 
(steel  45,  HRC  >45)  set-up  by  a  constant  load  of 
5  kg  and  speed  of  0,02  ms. 

The  results  indicate  that  a  noticeable  effect  of 
surface-active  Sc  and  Mg  addition  to  Al-Si-matrix 
alloy  is  the  grain  refinement  and  a  more 
homogeneous  distribution  of  SiC  particles  in  the 
matrix  (Fig.l).  The  solidification  of  the  composite 
melt  begins  with  the  formation  of  the  crystals  of 
intermetallic  phase  AI3SC  that  act  as  a-dendrites 
nucleation  sites  due  to  close  face  centered  cubic 
crystal  structure  matching  of  A1  and  AI3SC.  The 
interdendritic  regions  contain  SiC  particles  pushed 
by  the  growing  a-dendrites,  Al-Si-  or  Al-Si-Mg- 
eutectics  and  a  fine  dispersion  of  AISi2Sc2  and 
Mg2Si  precipitates.  Several  SiC  particles 
capturing  within  the  grains  of  Al-Si-Sc-Mg  matrix 
are  suggested  a  good  particle/matrix  wetting 
during  solidification. 

The  hardness  of  Al-1 2%Si  alloy  is  about  500  HB. 
Samples  of  the  composites  have  higher  hardnes: 
1  (AI-12%Si)/SiCp  -  735  HB;  2  (Al-12%Si- 
5%Mg-l,5%Sc)/SiCp  -  751  HB;  3  (Al-12%Si- 
l,26%Sc)/SiCp  -  768  HB.  Certain  distinction 
between  hardness  of  the  composites  may  be  due  to 
the  presence  of  hard  phases  AI3SC,  AISc2Si2, 
Mg2Si,  Si-needles  in  the  matrices.  The  analysis  of 
failure  nature  of  the  samples  after  the  compression 
test  showed  that  the  clusters  of  particles  and  the 
weak  interface  bonds  cause  cracks  at  the 
periphery  of  the  samples  already  after  50%  upset. 
According  to  the  increasing  strength  of  adhesion 
bonds  the  composites  form  the  following  series:  1, 
3,2. 

In  Fig.2  the  results  of  wear  test  of  composites  are 
presented.  The  wear  results  were  computed  from 
weight  loss  measurements.  The  wear  volume,  AV, 
was  calculated  from  the  ratio  of  weight  loss  to 
density  and  wear  rate  was  calculated  using  sliding 
distance  S  and  wear  volume.  One  can  see  that 
samples  alloyed  with  Sc  and  Mg  have  a  higher 
wear  resistance  than  the  samples  with  a  Al-Si 
matrix.  It  is  probable  that  the 
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The  similarity  of  the  wear  coefficients  for  the 
three  composites  indicate  that  no  change  in  wear 
behaviour  has  occurred.  A  wear  mechanism  was 
abrasion. 

Conclusion.  The  high  wear  resistance  of  the  Al- 
1 2%Si/SiCp  composites  alloyed  with  Sc  and  Mg 
additions  correlates  with  the  increase  a  hardness, 
strength  and  matrix/particle  bounding  strength. 
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Table 

Comparative  characteristics  of  bronze  (1)  and  composite  alloys  (2,3) 


Parameters 

(l):Ep06U6C3 

"(2):  AK9  +  5%SiC,s' 

(3):  AK9+  2,5%  SiC3 

Specific  pressure  at  stable  friction 
mode,  MPa 

7,0 

64,0 

120 

Friction  coefficient  at  specified 
pressure 

0,038 

<0,01 

<0,01 

Temperature  developing  in  the 
friction  zone,  °C 

110 

<55 

<70 

Rates  of  wear  at  pressure  7,0 

MPa,  c.u. 

Block  material 

Counterbody  material 

4,5- 1  O'10 

1,8-1  O'10 

3,7-1 0'12 

1,3-1  O'12 

0,5- 1 0'12 

0,7-1 0'12 

Weight  of  the  billet  of  0,084  dm3, 
kg 

0,740 

0,235 

0.235 

)  Average  diameter  of  particles,  pm:  SiQ>8  -  28,  SiCN  -  3  “  “ 

coarse  rigid  phases  from  the  matrices  (Si-needles, 
Al3Sc)  can  improve  the  wear  resistance  of 
composites  as  well  as  reinforcing  particles  SiC 
designing  a  role  of  padding  supporting  elements. 
Data  on  the  steady  state  wear  rates  of  the 
composite  pins  was  equal  0,029  (1),  0,056  (3)  and 
0,035  (2)  mmV. 

According  to  the  Archard  wear  equation,  the  wear 
rate  is  related  to  the  material  hardness  and  applied 
load  as: 

AV/S=KN/H, 

where  N  is  the  applied  load,  H  is  the  material 
hardness  and  K  is  the  wear  coefficient.  Values  of 
the  wear  coefficient,  K,  for  the  composite  pins 
were:  1,4  10-4  (1),  I, OHO-4  (3)  and  0,72-1 04  (2). 


Composite  number 

Figure  1.  Evaluation  of  uniformity  of 
distribution  of  the  SiCp  in  the  matrix  of 
composites.  Columns  give  the  percent  of 
cells  occupied  (dark)  and  not  occupied 
(light)  by  the  particles. 


Sliding  distance,  S,  m 


Figure  2.  Wear  test  results  of  composite 
samples 

1-^,2-  O,  3-0 
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MECHANICAL  CHARACTERISTICS  OF  COMPOSITE  MATERIALS 
THERMOEXFOLIATED  GRAPHITE-ORGANIC  COMPONENT 
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Kyiv  National  Taras  Shevchenko  University,  Kyiv,  Ukraine 


The  aim  of  our  work  was  to  investigate  the 
influence  of  organic  modifiers  on  mechanical 
properties  of  composite  materials  based  on 
thermoexfoliated  graphite  (TEG)  such  as  the 
compression  strength  and  the  creepage. 

The  modification  of  TEG  powder  (the  bulk 
density  was  0.005g/cm3,  specific  surface  was  50- 
60m2/g  [1])  with  organic  components  such  as 
phenol-formaldehyde  resin  (PFR)  and  silicon- 
organic  binder  (SO)  was  performed  via  several 
stages  as  described  in  [2],  The  bulk  samples  of 
CM  were  produced  from  powders  by  cold 
pressing.  The  investigations  of  compression 
strength  and  creepage  were  carried  out  by  using 
HMALLI-20-78  device.  The  values  of  compression 
strength  ac  and  deformation  of  destruction  8d  for 
CM  based  on  TEG  are  presented  in  Table  1.  As  it 
was  shown  in  paper  [2]  the  destruction  of 
compacted  TEG  samples  occurs  due  to  the 
increase  of  intrinsic  pressure  in  closed  pores 

Table  1 


CM 

P’  3 
g/cm 

£d  * 

(Jcs 

MPa, 

TEG 

1.80 

.0.22 

53 

TEG(2,38%H20) 

1.81 

0.21 

44 

TEG(5,93%H20) 

1.73 

0.25 

32 

TEG+50%Ni 

2.81 

0.21 

79 

TEG+73%PFR 

0.82 

0.44 

26 

TEG+96%SO 

1.06 

~5** 

*  -  s=Al/lo ;  **  -  viscous  destruction. 


under  the  application  of  external  load  and  at 
increased  temperature.  The  modification  of  TEG 
by  nickel  yields  better  strength  characteristics  of 
composite  materials  at  the  concentration  of  Ni 
>30%mas  [2].  The  cracks  produced  under  external 
pressure  are  stopped  from  spreading  by  nickel 
particles  metal  that  are  uniformly  distributed  on 
the  TEG  particles  in  the  form  of  spherical 
particles,  which  are  (0.01-0.05)  pm  in  size  [3]. 
The  investigations  of  the  strength  ac  of  the 
compacted  samples  of  TEG  in  dependence  of  their 
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moisture  have  shown  that  the  strength  properties 
of  compacted  TEG  become  worse  with  increase  of 
sample’s  moisture  due  to  the  increase  of  intrinsic 
pressure  in  closed  pores  filled  by  vapour  of  H2O 
(Tabl.l).  The  introduction  of  organic  component 
in  TEG  leads  to  decrease  in  strength  oc  and  to 
viscous  destruction  of  these  materials.  In  the 
samples  of  TEG-SO  the  process  of  mechanical 
destruction  when  the  sample  cracks  up  into 
separate  pieces  does  not  occur  at  all.  Under 
increase  of  loads  CJ  (  £  )  dependence  reaches  the 
maximum  but  sample’s  crumbling  does  not  occur. 
Instead  the  intensive  viscous  squeeze  out  is 
observed  when  the  material  escapes  through  the 
gap  between  the  press  punches. 


The  more  detailed  information  about  plastic 
characteristics  of  materials  under  study  and  in 
particular  about  fluidity  process  we  obtained  by 
using  the  method  of  static  loading.  The 
investigations  by  using  static  loading  allows  us  to 

calculate  £^(<7)  dependence  and  £^(t) 
dependence  at  a  =  const . 

The  analysis  of  the  obtained  results  for  compacted 
pure  TEG  had  shown  that  the  rate  of  creepage 

de 

—  decreases  essentially  as  the  time  of 
dt 

exposure  t  is  increased  (for  the  sample  with 
density  p=1.14g/cm3  the  rate  of  creepage 
decreased  500  times  after  two  hours  exposure). 
The  characteristic  time  t0  for  creepage  slowening 
decreases  as  the  density  of  material  grows:  in  the 
sample  with  large  value  of  density  (p=1.9g/cm  ) 
the  duration  of  creepage  process  was  several 
minutes.  Further  exposure  of  the  sample  under 
load  almost  does  not  change  its  dimensions.  The 
measurements  under  static  loading  (in  condition 


>Xq)  give  direct  and  almost  precise 

lformation  about  the  dependence  of  residual 
la stic  deformation  c„i  on  mechanical  stress  (J . 


Fig.l  presents  the  typical  curves  for  time 
dependence  of  relative  change  of  length  s(t) 
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obtained  for  the  samples  of  CM  based  on  TEG-SO 
under  permanent  loading  G  . 


e 


Figure  1 .  Creepage  curves  for  CM  based  on  TEG- 
SO:  1-  CTEG=25%mas,  p=1.07g/cm3;  2  - 

C-rEG=14%mas,  p=1.26g/cm3;  CTEG=25%mas, 
p=1.32g/cm3;  Oi=0.3MPa,  cr2=0.8MPa 
<r3=2.7MPa. 

The  characteristic  feature  of  these  curves  is  that 
after  the  load  is  taken  off  the  so-called  reversible 
creepage  is  observed,  i.e.  complete  (or  partial) 
return  of  the  sample  to  its  initial  length.  It  should 
be  remembered  that  for  CM  based  on  pure  TEG 
and  TEG  modified  with  metals  the  phenomenon 
of  reversible  creepage  does  not  occur.  The 
phenomenon  of  reversible  creepage  is  inherited  in 
the  materials  belonging  to  the  class  of  visco¬ 
plastic  composite  materials.  A  small  instantaneous 
modulus  of  elasticity  and  intensive  process  of 
creepage  at  steady  loading  is  characteristic  of  such 
composite  materials  as  TEG-SO.  Direct  creepage 
prevails  over  the  reverse  one  and  the  sample  does 
not  recover  in  its  sizes  even  after  many  hours’ 
exposure  with  the  load  taken  off.  As  it  is  seen 
from  Fig.  1  the  creepage  process  is  more  intensive 
in  the  samples  TEG-SO  with  low  density  and  low 
concentration  of  TEG.  Table  2  presents  the  values 

As 

of  effective  rate  of  creepage  ~  calculated 

At 

on  the  part  of  s(t)  dependence  at  a3=2.7MPa  and 
residual  deformation  £P]  for  TEG-SO  samples.  It 


was  found  that  these  values  decrease  with  increase 
of  TEG  concentration. 

Table  2 


CM 

P, 

g/cm3 

As 

. eff  -l 

*  ’  ^ 

At 

TEG 

1.14 

1.8-1  O'7 

TEG+86%SO 

1.26 

1.25  10-4 

0.075 

TEG+75%SO 

1.07 

2.0-1  O'4 

0.15 

TEG+75%SO 

1.32 

5.9-1 0'5 

0.046 

TEG+48%SO 

1.49 

4.0-1  O'5 

0.036 

TEG+38%SO 

1.59 

3.3-1 0"5 

0.031 

Thus,  modification  of  TEG  with  organic 
component  leads  to  decrease  in  strength  ctc  and 
viscous  destruction  of  these  materials.  The 
mechanism  of  deformation  is  visco-elastic  with 
considerable  plastic  component.  The  residual 
deformation  is  observed  in  all  “loading¬ 
unloading”  cycles. 
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Electrical  resistivity  of  composite  materials  (CM) 
based  on  graphite  (natural  disperse  graphite, 
thermoexfoliated  graphite  (TEG))  and  organic 
compounds  (silicon-organic  binder  based  on 
polyorganosiloxane  (SO)  and 

polyvinylpyrrolidone  (PP))  have  been 
investigated.  The  concentration  of  graphite  in  CM 
varied  from  4  to  73%mas.  The  modification  of 
TEG  powder  [1]  with  silicon-organic  binder  was 
performed  by  using  method  described  in  [2],  The 
powders  of  TEG  modified  with  PP  were  obtained 
by  mixing  the  TEG  and  PP  in  presence  of  water. 
The  samples  of  compacted  CM  were  prepared  in 
press  moulds  by  using  hydraulic  press  and  had  the 
density  of  (0.8-1.6)g/cm3.  The  measurements  of 
electrical  resistivity  along  compression  axis  {pc ) 
were  carried  out  by  using  four-probe  method. 

As  we  used  high-porous  TEG-particles  and 
modified  these  particles  by  polymer  impregnation 
the  bulk  density  of  modified  TEG-powders  can  be 
increased  significantly  because  open  pores  had 
been  filled  by  polymers  (see  Table  1). 


Type  of 

material 

Bulk  density  of 

powder, 

g/cm3 

Density  of 
CM,  g/cm3 

TEG 

0.005 

TEG-SO: 

5 1  %TEG 

0.165 

1.47 

25%TEG 

0.220 

1.27 

14%TEG 

0.270 

1.22 

TEG-PP: 

10%TEG 

1.12 

40%TEG 

1.28 

Gr  (50pm) 

0.328 

Gr-PP 

1 0%Gr 

1.21 

40%Gr 

1.42 

Modified  TEG-particles  with  filled  open  pores 
became  more  rigid  and  save  their  initial 
configuration  during  the  pressing  process.  It  is 
obvious  that  the  bulk  density  of  conducting 
component  (TEG,  modified  TEG)  which  is  the 
analog  of  packing  density  determines  the 
percolation  threshold  in  electric  conductivity:  the 


low  values  of  packing  density  give  low  values  of 
percolation  threshold. 

The  investigations  of  electrical  resistivity  of  CM 
have  shown  that  all  TEG  samples  modified  with 
organic  substances  (at  CTEG^4%mas)  are  electric 
conductors,  and  their  electric  resistivity  does  not 
exceed  ~  lOhm-m.  For  graphite-organic  modifier 
systems  there  exists  a  threshold  value  of  graphite 
content  in  CM  below  which  the  electrical 
resistance  grows  abruptly  and  above  it  the 
system’s  electrical  resistance  decreases 
inconsiderably  (Figs.l). 


IgP 


C&,  "Xmas. 


Fig.l  The  dependence  of  electrical  resistivity  on 
the  concentration  of  graphite  in  CM  based  on 
graphite  and  organic  binder:  1  -  pv  of  graphite- 
SO;  2  -  pc  of  CM  Gr-PP,  3  -  pc  of  CM  TEG-SO,  4 
-  Pc  of  CM  TEG-PP . 

Electrical  resistivity  in  this  case  can  be 
described  as  [4]: 

pc«(c)~  pa(c  -cty,  (i) 

where  p0  -  is  the  electrical  resistivity  of  TEG,  C  is 
arbitrary  concentration  of  TEG  and  CK  -  critical 
concentration,  i.e.  at  which  an  abrupt  decrease  of 
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electric  resistivity  has  been  observed,  t  is  critical 
index  which  consist  1.7  for  the  model  of  three- 
dimensional  electroconducting  net  with  fixed 
nodes  [3]. 


In  the  case  of  direct  contacts  between  TEG- 
particles  in  compacted  samples  contact  resistance 
of  particles  Rk  plays  important  part,  while  the 
resistance  of  material  the  particles  are  made  up  r 
is  sometimes  less  significant.  For  the  general  case 
the  electrical  resistance  of  compacted  sample  R 
may  be  presented  as  follows: 


R  =  R„  + 


R 


k,S,F~1/2  /  ~ 


n  L 


(2) 


«/ 


where  total  contact  resistance  Rk  depends  on  the 
number  of  contacting  particles  k,  contact  area  S, 
pressure  on  contact  F  and  degree  of 
thermochemical  treatment  of  contacting  surfaces 
[4];  r  is  determined  by  concentration  of  charge 
carriers  n  and  effective  free  path  of  charge  carriers 
Lef  at  various  scattering  processes. 


For  the  systems  under  study  the  threshold  values 
of  graphite  content  are  ~  (20-30)%mas  for 
graphite-SO,  graphite-PP  and  (4-10)%mas  for 
TEG-SO,  TEG-PP  accordingly.  As  it  is  seen  from 
figure  the  percolation  transition  in  the  system 
based  on  TEG  and  SO  or  PP  occurs  in  very 
narrow  interval  of  concentration  (C=(5-15)%mas.) 
in  comparison  with  composite  TEG-polyethylene 
[5],  (C=(15-50)%mas.).  This  fact  testifies  about 
small  number  of  isolating  films  on  TEG  particles 
and  gaps  between  particles  of  TEG  in  the  case  of 
using  SO  or  PP  as  binders.  Using  the  relation  (1) 
experimental  dependence  lgp(C)  for  the  systems 
TEG-SO  can  be  approximated  by  following 
expression: 


\%p(,C)  =  \g(A-p0)-t\g(C-Ck)  (3) 

where  A  is  constant.  The  increase  of  the  value  of 
electrical  resistivity  p  with  increase  of  TEG 
content  is  caused  by  increase  of  structure 
anisotropy  of  compacted  samples  at  increase  of 
TEG  anisotropic  particles  concentration.  The 
obtained  samples  of  TEG-SO  have  anisotropy  of 
electrical  properties:  pjpa  ~  2  for  the  samples 
with  low  content  of  TEG  (~8%mas)  and  pjpa  - 
(7-9)  for  the  samples  with  maximal  content  of 
TEG  (~60-70%mas).  The  temperature  dependence 
of  electrical  resistivity  /XT)  in  CM  based  on  TEG- 


SO  is  analogous  to  temperature  dependence  in 
TEG  /XT):  the  greater  is  the  concentration  of  TEG 
the  more  similar  are  the  temperature  dependence 
of  electrical  resistivities  in  TEG-SO  and  pure 
TEG. 

TEG-organic  modifier  CM  have  slight  anisotropy 
of  electrical  properties:  pjpa  ratio  is  ~  10,  which 
is  2-3  times  less  than  in  pure  TEG  of  similar 
density. 

Thus,  it  was  shown  that  for  the  systems  of  TEG- 
organic  modifier  a  threshold  value  of  TEG 
concentration  below  which  the  electrical 
resistivity  grows  abruptly  and  above  which  it 
slightly  decreases  is  ~  5%  mass.  The  low 
percolation  threshold  in  CM  TEG-organic 
component  is  associated  with  special 
configuration  of  TEG  particles  and  low  bulk 
density  of  TEG  powders. 
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The  purpose  of  work  is  the  influence  of 
microstructure  synthetic  stereoregularity 
polyisoprene  (PI)  on  relaxational  processes  and 
findings  -  out  of  a  nature  of  this  phenomenon 
under  operating  conditions.  As  microstructures  PI 
have  accepted  the  contents  1,4-cis-,  1,4-trans-, 
1,2-  and  3,4-units  in  percentage  ratio.  In 
elastomers  such  as  PI  main  relaxational  transition 
by  arrival  is  glass  transition  ( a  -transition)  with 
the  basic  characteristic  it  is  in  glass  transition 
temperature  Ta[l].  It  is  important  to  note,  that, 
Ta  as  well  as  temperature  others  relaxational 
transitions,  7j  depends  on  temporary  .pegimes  of 
tests:  time  of  supervision  T  (stress  relaxation), 
frequency  of  deformation  V  and  speed  of  heating 
0). 

For  cis  -  and  trans  -  PI,  not  containing  of  1,2- 
units,  glass  transiton  .  temperature  low 

(T  =— 71°C).  Presence  1,2  -  or  3,4  -  units 

strongly  raises  up  Tg  to  30 °C  on  glass 

transition  temperature  the  intramolecular 
influences  in  itself  elastomers  chains  circuits 
determining  inretnal  rotation,  i.e.  flexibility  of  a 
polymeric  chains,  and  molecular  interactions, 
density  of  energy  cohesion  can  influence  as 
inside.  In  this  aspect  the  reason  of  change  Tg 

with  change  of  microstructure  of  polymeric  chains 
for  same  PI  becomes  urgent. 

The  given  works,  [2]  in  which  the  dependence  Tg 

PI  have  contents  1,2-units  in  the  polymers  chain 
was  studied,  testify  that  the  microstructure  does 
not  influence  density  of  energy  cohesion  and, 
hence,  on  intermolecular  interactions.  From  here  it 
is  possible  to  make  a  conclusion,  that  the 
dependence  Tg ,  observable  by  us,  on  structure  is 

connected  not  to  intermolecular  interactions,  i.e. 
power  factor,  and  with  change  of  character  of 
internal  rotation  in  chains  brought  in  presence  1 ,2 
-  units,  i.e.  flexibility  of  a  chain,  namely,  entropy 
by  the  factor.  Other  factors,  such,  as  cristallization 


and  stereoregularity,  in  researched  polyisoprenes 
are  absent.  Hence,  nature  of  influence  of 
microstructure  PI  on  wholly  entropy. 

For  finding  -  out  influence  of  microstructure  on 
others  relaxation  transitions  the  researches  PI  by 
methods  relaxational  spectrometres  [1]  and  IR- 
spectroscopy  are  carried  out.  On  the  data  IR- 
spectroscopy  of  a  chain  PI  92  %  -  1,4-cis-units,  6 
%  1,4-trans  units  and  2%  1,2  units  contained.  For 
more  precise  revealing  relaxational  transitions  the 
basic  researches  carried  out  on  poorly  network 
elastomers  (vulcanization  from  2  %  of  sulfur  on 
standard  technology)  for  giving  elastic  properties 
to  samples,  and  on  occassion  carried  out 
measurements  on  not  network  initial  PI. 

From  izoterm  relaxational  pressure  at  different 
temperatures  the  continuous  and  discrete  spectra 
of  times  relaxational  were  received,  and  the 

temperature  dependences  them  in  arrenius 
coordinates  have  allowed  for  everyone 
relaxational  transition  to  find  predexponential 

factor  B  (  and  activation  energy.  From  all 
relaxational  transitions  only  basic  process  glass 
transition  OCt  and  additional  Otx  are  characterized 

by  dependence  by  activation  energy  (7aandt/al 
of  from  temperature  and  frequency. 

Above  <X  -  and  CCX  -  transitions  in  the  field  of 
high  elasticity  a  line  known  for  elastomers 
relaxational  transitions  is  observed.  Their 
identification  can  be  made,  having  calculated 
temperatures  relaxational  transitions  7j  on  the 
equation 

7:  =  C7,  /[2,3A  ig(e,  )] 

where  relaxational  constants  B ;  and  U {  also  are 

taken  from  given  on  relaxational  pressure.  At 
account  it  is  necessary  to  have  in  view  of,  that  for 
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small-scale  transitions,  C(  =  1  and  for  large- 
scale  transitions  Ct  —  1  0. 

On  with  earlier  found  out  relaxational  transitions 
in  elastomers  [1,2],  we  reveal  splitting  chemical 
processes  relaxational  on  SsX  =  Ss2  and  Sc 

high-temperature  transitions.  First  two  are 
observed  for  rubbers,  vulcanizational  by  sulfur. 
The  received  results  allow  to  assume,  that  the 

Ss]  -transition  is  connected  to  disintegration 

polysulphide,  and  -*,2-  by  disintegration 

monosulphides  of  cross  communications 
connections.  These  transitions  do  not  depend 
neither  on  a  type  of  rubber,  nor  from 
microstructure  of  chains.  The  strongly  expressed 

Sc  -transition  on  a  spectrum  is  explained  by 

disintegration  of  weak  communications 
connections  C-C  at  high  temperatures. 

The  superslow  physical  process  is  absent  in 

spectra  not  vulcanizational  elastomers.  It  results  in 
a  conclusion  that  it  is  connected  with  vulcanizated 
by  a  grid,  but  is  not  connected  to  disintegration 
observable  at  Ss]  -and  8s2  -processes.  Than 

activation  energy  of  Sr  process  relaxation  is 
much  lower  activation  energy  of  chemical 
processes,  and  consequently  the  <5,-  process 
concerns  to  one  of  physical  relaxational  processes. 
The  large  sizes  of  factor  B(  testify  that  cinetics 

units  participating  in  S,  -  processes  larges.  Under 

our  assumptions  them  are  in  vulcanizational  to  a 
grid  more  densely  network  microsites.  It  is 
explained  by  more  regular  structure  of  polymeric 
chains  PI,  which  owing  to  not  of  branching  ways 
to  be  packed  into  larger  ordered  micro  of  area  and 
under  certain  conditions  to  form  crystals. 
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Making  of  materials  that  operate  in  extreme 
conditions  is  one  of  actual  directions  of  materials 
science.  High  power  ultrasound  influence  creates  a 
complex  of  these  conditions  in  the  material. 
Alternated  big  frequency  and  amplitude  loads 
stimulate  an  appearance  of  mechanical  stresses  and 
heating  in  specimens.  Investigation  of  ways  to 
relaxation  of  the  energy  droved  in  materials  under 
high-power  ultrasound,  study  of  influence  of 
mechanical  and  temperature  stresses  induced  by 
ultrasound  on  the  structure  take  in  interest  for 
understanding  evolution  processes  and  for  reliability 
prediction  of  functioning  the  products  in  complex 
conditions  alternating  loads. 

* 

Experiment  Description.  Polycrystalline  Zn 
specimens,  purity  99.95%  were  as  an  object  of 
studies.  Specimens  was  cut  out  by  7x7x90  mm 
(length  of  specimen  equals  to  half-wave),  then 
surface  was  chemical  polished.  A  sample  was 
connected  to  the  magnetostriction  converter  which 
was  agitated  from  the  ultrasonic  generator  on  the 
frequency  22  kHz  by  tread  joint.  Fluctuation 
amplitude  was  checked  by  electrodynamic’s  sensor, 
which  was  bolted  on  the  concentrator  and  was 
adjusted  within  3-10  mcm.  Processing  the  samples  by 
the  ultrasound  was  realized  at  room  temperature 
without  cooling.  Temperature  of  heating  was  checked 
by  thermocouples,  bolted  in  the  sample  center. 

Defect  structure  was  checked  by  measurement  of 
microhardness  and  by  methods  optical  metallography 
(selective  etching  of  boundary  grains  in  5%  alcohol 
solution  of  hydrochloric  acid). 

Simples  with  different  defect  structure  were  used: 
poured,  recrystallized  and  hydroextruded  zinc. 
Poured  zinc  had  big  grain  (average  size  of  grain  3- 
5mm)  and  microhardness  was  H^  =  300  MPa. 
Recrystallized  samples  were  prepared  from 
beforehand  deformed,  but  then  annealed  zinc 
(recrystallized  annealing  within  2  hours  under  360°C) 
had  microhardness  420  MPa  and  average  size  of 
grain  100  mcm.  Hydroextruded  samples  (degree  of 
deformation  was  98%),  had  very  small  grain  d  =  5  ± 
2  mcm,  but  large  H^,  =  750  MPa. 


Experimental  results.  In  the  sample  of  half¬ 
wave  length  was  formed  standing  longitudinal 
wave,  and  antinode  of  wave  was  located  in  the 
sample  center.  Experiments  have  shown  that 
poured  sample  was  destroyed  already  after  25 
seconds  of  ultrasound  action  (amplitude  of 
oscillations  was  5  mcm).  It  was  observed  the 
brittle  fracture  in  the  antinode’s  region.  Main 
crack  was  appeared  and  destroyed  the  sample. 

In  recrystallized  specimen  the  intensive 
growing  of  grain  from  0. 1  mm  before  1 0  mms 
was  observed  in  the  oscillation’s  antinode 
already  at  15  sec  ultrasonic  irradiation.  Active 
development  of  bands  of  slide  and  grain 
crushing  were  observed  in  central  grain  after  1 
minute  irradiation.  A  sample  is  destroyed  in 
central  part  after  2  minutes  of  the  ultrasonic 
effect. 

The  fine-grain  structure  of  hydroextruded 
sample  was  changed  from  initial  moments. 
Already  as  from  5  sec  of  irradiation  a  strong 
grain  was  growing  took  place  in  the  specimen 
center.  Grain  sizes  were  increased  in  dozens  of 
times.  Grains  grow  along  the  direction  of 
spreading  a  wave  from  the  center  to  sample 
ends.  Big  part  of  boundaries  was  situated 
parallel  to  axis.  Temperature  measurements  in 
the  antinode’s  region  has  shown  that  sample 
powerfully  became  heat.  Maximum  of 
temperature  about  400°C  was  reached  under  2 
minutes  of  irradiation,  but  then  temperature 
was  decreased.  After  2  minutes  of  ultrasound’s 
action  the  intensive  intragrained  sliding  was 
developed  in  sample  center.  Twinning  and 
started  cracking  were  observed  inwardly  grains 
alongside  with  sliding  lines.  These  processes 
caused  grain  crushing.  Further  ultrasound 
treatment  led  to  increasing  the  sizes  and 
numbers  of  cracks,  forming  a  main  crack  and 
destroying  a  sample.  Time  life’s  of  sample 
before  destroying  was  9  minutes. 

Discussing  the  results.  High-power  ultrasonic 
irradiation  introduce  into  material  an  energy 
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W  =  ~~  J(.42  cos2  kx)sdx 
2  0 

where  p  is  density  of  material,  co  is  frequency, 

k  =  -  2nd  X  is  the  wavelength,  S  is  a  cross-section 
/l 

of  sample,  dx  is  a  elementary  length  of  sample,  A0  is 
a  oscillation’s  amplitude  in  antinode’s  place. 

The  energy  relax  in  the  material  by  mechanical 
deforming  and  by  heating.  The  gradient  accumulated 
mechanical  energy  is  force,  acting  toward  spreading  a 
wave  along  specimen  axis  and  having  maximum 
value  in  the  center.  The  force  oscillates  with  the 
frequency  co:  F  =  kAQ  sin  kx  cos  cot . 

There  is  an  essential  nonhomogeneity  of  stress  and 
strain  field  along  sample  under  high-power  ultrasonic 
irradiation.  Maximum  values  of  alternating  straining 
and  compressive  forces  exist  at  center  of  specimen. 
At  ends  this  forces  are  absent.  A  moving  of  defects 
occurs  from  the  center  to  ends  under  the  action 
gradient  forces 

Strong  heating  of  material  is  other  particularity  of 
high-power  ultrasonic  action.  It  reveals  in  that  event, 
when  structure  can  render  a  greater  counteraction  to 
mechanical  deforming.  So,  if  poured  zinc  is 
destroyed  after  25  sec  of 


included  deforming  channel  to  relaxations  an 
energy.  Then  is  observed  strong  heating 
sample  (a  temperature  increases  to  400  °C), 
grain  begin  intensive  to  grow,  but  temperature 
begins  decreases.  The  further  evolution  is 
realized  by  intensive  intragrained  deformation, 
which  lead  to  crushing  of  grain,  secondary 
hardening  of  material  in  the  region  of  stress 
antinode,  and  then  cracking  development  in  the 
sample. 

Conclusion.  Effect  high-power  ultrasound 
creates  a  complex  nonhomogeneous  alternating 
stress  field  as  well  as  a  heating  of  material. 
Deforming  or  heating  channels  of  energy 
relaxation  depend  on  the  defect  structure. 
Than  smaller  grain,  that  more  loss  of  energy  on 
the  heating  and  that  above  stability  of  material 
to  the  ultrasonic  influence. 

Study  to  evolutions  a  structure  has  shown  that 
different  mechanisms  to  deformation  are 
realized  under  high-power  ultrasound.  It  is 
possible  to  regulate  a  structure  in  the  material 
by  selecting  the  parameters  of  influence,  as  a 
value  of  amplitude,  oscillation’s  frequency, 
time  of  the  ultrasonic  influence,  that  create  the 
ability  to  control  of  material’s  properties. 


0  20  40  x,  mm 


Fig.  1.  Microhardness  distribution  along 
hydroextruded  specimen  after  3  minutes  of  ultrasonic 
irradiation 

ultrasonic  irradiation  without  heating,  in  the  event  of 
the  fine-grained  material,  presence  of  large  number 
high-angle  incoherent  grain  does  not  enable  will  be 


0  20  40  60  x,mm 


Fig.  2.  Size  grain  distribution  along 
hydroextruded  specimen  after  3  minutes  of 
ultrasonic  irradiation  (x  is  distance  from 
sample  end) 
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STRUCTURAL  FEATURES  OF  THE  FAST  HARDENED  METAL  PAPERS 

OF  ALLOYS  Bi-15  at.  %  Sb 

Gretchannikov  E.E.,  Savenko  V.S.,  Chepelevich  V.G. 

Mozyr  state  pedagogical  institute,  Mozyr,  Byelorus 


Alloys  of  bismuth  and  antimony  containing  6-22 
at.  Than  %  Sb  at  temperatures  is  lower  180  To 
contain  a  forbidden  region  and  are  the  most 
successful  materials  for  manufacturing  cold 
thermoelectric  converters  of  energy.  The 
application  of  single  crystals  of  the  indicated 
alloys  is  hindered  by  some  lacks,  intrinsic  by 
them:  by  predilection  to  a  dendritic  segregation 
considerably  aggravating  electrical  properties  of 
materials,  low  dissolubility  of  addition  agents  in 
bismuth  and  antimony,  low  mechanical  strength. 
The  frame  largely  influential  in  physical 
properties  and  as  a  consequent  in  technical 
parameters  of  systems  in  many  respects  depends 
on  conditions  of  obtaining  of  alloys  and 
subsequent  heat  treatment.  In  this  connection,  in 
the  given  activity  the  findings  of  investigation  of 
frame  of  alloys  Bi-15  at  is  resulted.  %  Sb- 
obtained  by  a  method  of  a  superfast  hardening 
from  a  fluid  phase,  permitting  to  eliminate  the 
indicated  lacks. 

For  cooking  alloys  99,9999  %  were  used  bismuth 
and  antimony  by  purity.  Doping  of  binary  alloy 
Bi-15  at.  %  Sb  implemented  aluminium,  gallium, 
germanium,  indium,  tin,  sulfur  and  Zincum.  The 
purity  of  addition  agents  was  not  worse  than 
99,999  %.  The  superfast  hardening  implemented 
belching  of  a  drip  (—0,2)  melt  on  an  internal 
polished  surface  of  a  rotated  copper  barrel.  In 
such  conditions  the  cooling  rate  made  v  » 
106  K/c. 

The  research  granular  of  frame  of  the  fast 
hardened  metal  papers  was  conducted  with  the 
help  of  a  metallographic  microscope  "  Neophot-21 
X-ray  crystallographic  analysis  was  conducted  on 
a  diffractometer  /JPOH-3  in  cobaltic  radiation. 

The  polar  density  of  diffraction  lines  ^012 1 

10l4  1120  10l5  10l7  2020  2022 

)  ?  5  5  J  J 

2 1 3 0 ^  21325  2025  settled  up  on  a  method 

Harison  .  Interplanar  spacing  interval  ,0'2  was 
determined  from  a  Bragg  equation.  The  X-ray 
spectral  microanalysis  was  executed  on 
installation  IComeca  I  with  usage  of  a  microprobe 
MC-46,  dia  2  microns. 


The  fast  hardened  metal  papers  of 

investigated(studied)  alloys  were  received  by  the 
way  of  belts(ribbons),  length  5-10  cm,  width 
about  1  cm  and  depth  10-50  microns.  The 

metallurgical  surveys  have  shown,  that  the  fast 
hardened  metal  papers  have  microcrystalline 
frame,  that  is  connected  to  a  considerable 
frigorism  of  a  melt  at  a  superfast  hardening  and 
bound  with  it  by  high  speed  of  nucleation.  In  the 
fast  hardened  metal  papers  of  non-alloy  alloy  Bi- 
15  at.  %  Sb  of  a  grain  have  predominantly 
paxillate  form  much  of  them  are  limited 
simultaneously  to  two  surfaces  of  a  metal  paper 
that  is  the  certificate  that  the  germing  of 
crystallization  centres  is  heterogenous.  Doping  of 
alloy  0,2  at.  %  Ge  and  0,25  at.  %  Sn  does  not 
change  form  of  grains.  For  the  fast  hardened  metal 
papers  of  alloy  Bi-15  at.  %  Sb,  doped  0,4  and  0,8 
at.  %  Ge,  Ga,  In,  A1  and  S  the  equiaxial  grains  are 
characteristic  predominantly.  Most  coarse  grains 
were  watched  in  the  fast  hardened  metal  papers  of 
non-alloy  alloy  Bi-15  at.  %  Sb  .  The  introduction 
of  addition  elements  reduces  aggregate  size,  that 
is  connected  to  increase  of  quantity  of  centres  of  a 
germing  of  a  solid  phase  at  a  crystallization  of 
alloy.  So,  doping  of  alloy  Bi-15  at.  %  Sb  by  sulfur 
and  aluminium 


The  table  1 

Values  it  is  medium-sized  of  grains  promt 
solidication  of  metal  papers 


Alloy 

An  angle  diameter 
of  grains,  micron 

Reset  state 

Bi-15  aT.%  Sb 

5.0 

Bi-15  aT.%  Sb-0,2  aT.%  Ge 

4.6 

Bi-15  aT.%  Sb-0,4  aT.%  Ge 

3.6 

Bi-1 5  aT.%  Sb-0,8  aT.%  Ge 

3.7 

Bi-15  aT.%  Sb-0,4  aT.%  Ga 

2.9 

Bi-15  aT.%  Sb-0,8  aT.%  Ga 

2.5 

Bi-15  aT.%  Sb-0.4  aT.%  S 

2.5 

Bi-15  aT.%  Sb-0,8  aT.%  S 

2.6 

Bi-15  aT.%  Sb-0,25  aT.%  Sn 

3.6 

Bi-15  aT.%  Sb-0,8  aT.%  A! 

1.9 

Bi-15  aT.%  Sb-0,8  aT.%  In 

3.1 

Bi-15  aT.%  Sb-0,8  aT.%  Zn 

3.9 
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Reduces  an  angle  diameter  of  grains  in  2  and 
more  time,  while  the  doping  by  Zincum,  small 
quantity  of  tin  and  germanium  a  little  bit  reduces 
aggregate  size. 

The  outcomes  of  X-ray  crystallographic  analysis 
demonstrate,  that  the  fast  hardened  metal  papers 
of  alloy  Bi-15  at.  %  Sb  is  characterized  by  the 

legiblly  expressed  texture  ( 1 0  1  2 )  On  a  share  of 
the  given  orientation  it  is  necessary  up  to  100  % 
of  volume  of  a  metal  paper.  The  formation  of  the 
indicated  texture  is  stipulated  by  the  gear  of 
growth  of  chips  at  a  superfast  hardening.  Each 
atom  of  crystal  lattice  is  connected  to  three  other 
covalent  bonds  Two  from  them  are  in  planes 

(01  12 )5  (1012)  an(j  (1  1  02 ancj  third  binds 
two  atoms  of  adjacent  planes.  On  interphase 
border  the  chip  -  liquid  conterminous  with  the 
indicated  planes  will  be  derivated  high  density  of 
fissile  centres  by  the  way  of  non-saturated 
covalent  bonds.  The  atoms  from  a  melt  are  easily 
affixed  to  them,  that  causes  a  tachyauxesis  of 
crystallites  of  the  given  orientation.  Doping  of 
alloy  Bi-15  at.  %  Sb  does  not  render  noticeable 
influencing  on  texture. 

The  outcomes  of  a  X-ray  spectral  microanalysis 
demonstrate,  that  bismuth  and  antimony  of  the  in 
bulk  fast  hardened  metal  paper  are  distributed 
uniformly,  that  is  a  consequent  diffuse-free  of  a 
crystallization,  the  weep  by  which  one  becomes 
possible  (probable)  at  a  superfast  hardening  from 
a  melt  and  during  which  one  the  solidification  of  a 
fluid  phase  descends  without  redistribution  of 
components  of  alloy.. 

Dependence  of  change  of  interplanar  spacing 

interval  ^loT2  in  the  fast  hardened  metal  papers  of 
alloy  Bi-15  at.  %  Sb  from  the  contents  in  them  of 
alloying  components  (fig.  1)  testifies  to  a  solid- 
solution  formation  of  replacement.  As  the 
equilibrium  dissolubility  Ga,  Ge,  S,  In,  Zn  in 
bismuth  and  antimony  is  lower  0,8  at.  %,  the  data 
the  solid  solutions  are  supersaturated.  Their 
formation  becomes  possible  (probable)  thanking 
diffuse-free  of  a  crystallization,  at  weep  by  which 
one  the  melt  indurates  without  redistribution  of 
components  and  allocation  of  the  second  phase. 


10'3  A 


Fig.  1  Dependence  of  change  of  interplanar  spacing  interval 

^iol2  from  the  contents  (1)  -  sulfur,  (2)  -  germanium, 

(3)  -  gallium,  (4)  -  indium,  (5)  -  Zincum. 
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CORROSION  AND  HIGH-TEMPERATURE  OXIDATION 
RESISTANCE  OF  SI3N4-BN  COMPOSITE  MATERIAL 

Ershova  N.I.,  Kelina  I. Yu. 

Federal  State  Unitary  Enterprise  “Obninsk  Research  and  Production  Enterprise 
“TECHNOLOGIYA”,  Obninsk,  Russia 


The  results  of  an  investigation  into  hot-pressed 
Si3N4-BN  material  behavior  under  the  thermocycle 
and  high-temperature  conditions  and  under  the  ac¬ 
tion  of  corrosive  medium  are  presented. 

The  material  under  investigation  has  a  variable 
composition,  boron  nitride  content  may  vary  from 
0  to  60  %;  in  so  doing  there  are  regular  changes  in 
mechanical  and  thermo-physical  characteristics 
which  approach  the  pure  boron  nitride  properties. 
On  the  basis  of  the  material  being  developed  a 
manufacture  of  a  functional-gradient  multilayer 
material  is  possible. 

The  resistance  of  the  material  to  high-temperature 
oxidation  was  studied  in  different  temperature 
conditions:  at  1300°C  for  10  and  50  hours  and  on 
longer  standing  for  250  hours  at  700-950°C.  The 
dependences  of  relative  mass  changes  on  material 
composition,  holding  time  and  testing  temperature 
have  been  investigated.  The  samples  of  multilayer 
ceramics  were  tested  in  high-rate  gas  flow  with 
ten-fold  heating  up  to  1530°C  and  cooling.  In  all 
cases  resistance  to  oxidation  and  erosion  carry¬ 
over  was  found. 


The  process  of  the  composite  material  corrosion  in 
aggressive  medium  is  rather  complicated  by  virtue 
of  the  fact  that  this  material  presents  a  multiphase 
system.  The  determination  of  acid  resistance  was 
carried  out  at  standard  conditions  throughout  the 
entire  composition  range.  HF,  HC1,  HNO3,  H2SO4, 
KOH  were  used  as  aggressive  media.  The  material 
was  demonstrated  to  have  resistance  to  attack  by 
acids  HC1,  HNO3,  H2S04  and  alkali  KOH  without 
regard  to  its  BN  content.  Hydrofluoric  acid  has  a 
pronounced  effect  on  the  composite  material  con¬ 
taining  more  than  30  %  BN  even  after  1 0  days  of 
interaction.  The  corrosion  process  is  most  pro¬ 
nounced  after  60  days  of  interaction  (fig.  1 ).  Under 
these  conditions  boron  nitride  is  the  most  chemi¬ 
cally  resistant.  The  material  containing  10  %  BN 
possesses  high  acid  resistance  without  regard  to 
interaction  duration  which  results  from  low  poros¬ 
ity  obtainable  during  the  hot-pressing  of  ceramics 
of  a  given  composition. 

The  non-uniformity  of  the  corrosion  process  in  the 
Si3N4-BN  composite  material  stemming  from  the 
inherent  in  hot-pressed  materials  texturing  was 
observed. 


Fig.l.  The  samples  of  Si3N4-BN  composite  material  containing  (from  left  to  right) 
10,  20, 30, 40,  50, 60  %  BN  after  60  days  of  interaction  with  HF 
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NOVEL  ORGANOSILICON  PRECURSORS  TO  SILICON 
CARBIDE/CARBON  BASED  CERAMICS 


Belyaeva  E.I..  Baklanova  N.L,  Suchkova  G.A.,  Lyakhov  N.Z. 

Institute  of  Solid  State  Chemistry  and  Mechanochemistry  of  SB  of  RAS,  Novosibirsk,  Russia' 


Ceramic  matrix  composites  (CMC)  especially 
SiC/SiC  composites,  as  structural  materials  for 
hot-section  components  in  advanced  aerospace  and 
land-based  gas  turbine  engines,  offer  a  variety  of 
performance  advantages  over  current  metallic 
materials.  Organo-silicon  preceramic  polymers  can 
provide  a  unique  approach  to  the  process  of 
ceramic  shape  forming.  At  relatively  low 
temperatures,  these  polymers  can  be  converted  into 
the  components  of  SiC/SiC  composites,  namely, 
coating,  fibers,  matrix,  and  monolithic  ceramics 

[I]- 

Organosilicon  polymers  containing  germanium 
atoms  in  main  chain  can  be  interested  as 
precursors  to  SiC-based  ceramics  with  approved 
high-temperature  oxidation  resistance. 

The  goal  of  this  work  is  to  study  the  features  of 
transformation  of  organosilicon  polymers  with 
germanium  atoms  in  main  chain 
poly(germasilethyne)  (PGSE)  into  silicon 
carbide/carbon/germanium-based  ceramics  under 
mechanical  treatment. 

PGSE  {-(SiMe2C=C)4-GeMe2-}n  was  treated  in 
planetary  high-energy  mill  AGO-2  (the  ball 
acceleration  600  ms 2)  under  argon  atmosphere  for 
different  intervals  of  time.  The  initial  polymer  and 
products  obtained  at  different  stages  of  mechanical 
treatment  were  investigated  using  X-ray  diffraction 
analysis,  IR  and  Raman  spectroscopy,  as  well  as 
SEM  analysis  and  Energy  dispersive  X-ray 
spectrometry. 

The  results  show  that  mechanical  treatment  for  a 
short  time  (10  min)  leads  to  substantial  changes  in 
the  polymer.  For  example,  the  TR  bands  at  3280 
and  2040  cm'1  attributed  to  the  stretching 
vibrations  of  C-H  and  ChC  in  monosubstituted 
group  C=CH,  respectively,  disappear.  Additional 
bands  appear,  namely,  a  band  at  2120  cm'1  which 
can  be  attributed  to  the  vibrations  of  CsC  bond  of 
disubstituted  acetylenes,  -1700  cm'1  connected 
with  the  presence  of  the  carbonyl  group, 
-1580  cm'1  assigned  to  aromatic  bonds,  and  a  band 


at  1350  cm'1  which  is  responsible  for  bridging 
vibrations  of  the  -CH2-  group.  Also  the  intensities 
of  bands  attributed  to  methyl  group  vibrations 
decrease.  The  Raman  spectrum  exhibits  the 
disappearance  of  all  the  characteristic  bands  of  the 
polymer,  and  a  very  broad  halo  appears  in  the 
region  950-1650  cm'1.  The  product  obtained  after 
milling  for  10  min  is  X-ray  amorphous,  similarly 
to  the  initial  polymer.  Longer  mechanical 
treatment  (20  min)  leads  to  even  more  profound 
organic-to-inorganic  transformation.  This  is 
confirmed  by  a  substantial  decrease  in  the 
intensities  of  all  the  characteristic  IR  bands. 
According  to  SEM  analysis,  the  particle  size  of  the 
product  obtained  after  milling  for  20  min  is  from 
0.5  to  several  micrometers.  So,  mechanical 
treatment  for  10  min  and  20  min  leads  to  the  cross- 
linking  of  polymer,  accompanied  by  the  opening  of 
triple  carbon  bonds  of  carbon  and  by  binding  the 
molecules  through  the  -CH2-,  -C=C-,  and 

conjugated  carbon  bonds.  At  the  same  time 
processes  of  thermal  decomposition  of  polymer 
and  the  release  of  inorganic  phases  occur. 

According  to  the  IR,  Raman,  and  XRD  data,  a 
30  min  mechanical  treatment  of  polymer  is 
sufficient  for  its  practically  complete 
mineralization  to  occur.  Characteristic  bands  of 
PGSE  disappear  in  the  IR  spectrum  of  the  product, 
which  is  the  evidence  of  practically  complete 
transformation  of  the  polymer  into  inorganic 
product.  The  data  of  Raman  spectroscopy  are 
another  evidence  in  favor  of  this  observation.  Fig. 

1  shows  a  Raman  spectrum  of  carbon  phase 
released  during  the  decomposition  of  polymer. 

The  most  intensive  bands  are  those  attributed  to 
so-called  disordered  carbon  (D-band)  and  graphite 
(G-band)  [2].  X-ray  diffraction  patterns  of  the 
product  exhibit  the  appearance  of  the  (3-SiC  phase. 
So,  one  can  assume  that  practically  complete 
decomposition  of  the  polymer  occurs  at  this  stage, 
along  with  the  release  of  P-SiC,  carbon  and 
possibly  germanium  phases.  The  ordering  of  these 
phases  also  occurs. 
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A  further  40  min.  mechanical  treatment  leads  to 
the  broadening  of  the  patterns  attributed  to  P-SiC- 
phase  in  X-ray  patterns  and  to  the  decrease  of  their 
intensity,  as  well  as  to  the  decrease  of  the 
intensities  of  the  Raman  bands  of  the  carbon 
phase. 


and  fiber  length,  and  strong  adhesive  to 
monofilament.  Its  thickness  is  less  than  1pm.  The 
coating  is  X-ray  amorphous. 

On  the  basis  of  the  presented  results,  the  use  of 
poly(germasilethyne)  for  the  formation  of  thin 
barrier  coatings  on  reinforcing  fibers  for  structural 
materials  may  be  estimated  to  be  favorable. 
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Figure2.  PGSE-derived  coating  on  Nicalon  fiber. 

According  to  SEM  analysis  data,  the  grinding  of 
particles  is  observed  at  this  stage  together  with 
their  aggregation.  Particle  size  is  about  1pm.  They 
are  rounded.  One  can  assume  that  a  40  min  milling 
causes  partial  amorphization  of  the  products  of 
polymer  decomposition. 

PGSE  under  investigation  was  used  to  obtain  thin 
barrier  coatings  on  silicon  carbide  fibers  of  the 
"Nicalon"  grade.  The  diameter  of  fiber  was  12- 
15  pm.  The  coating  was  obtained  by  dipping  the 
fibers  into  PGSE  solution  in  chloroform,  followed 
by  centrifuging  and  thermal  treatment  within 
temperature  range  20-1000°C.  As  one  can  see  in 
Fig.  2,  the  coating  is  rather  uniform  in  thickness 
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ULTRADISPERSED  DIAMOND 
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Shown  is  the  dependence  of  compact’s  physical 
properties  on  the  ways  of  ultradispersed 
diamond’s  (UD)  treatment  and  sintering  modes. 

Changing  the  ultradispersed  diamond’s  surface  it 
is  possible  to  control  the  processes  of 
graphitization  and  recrystallization  of  a  diamond 
grain  and  produce  the  materials  with  the  given 
structure  which  influence  the  properties  of  the 
compacts.  Reverse  transformation  of  diamond  into 
graphite  is  highly  essential  even  when  compacting 
UD  powders  is  being  conducted  within  the 
diamond’s  stability  range. 

The  graphitization  process  can  be  significantly 
reduced  when  substances  such  as  B203,  Si02  and 
B  enhancing  formation  of  glass  with  the  oxides  of 
UD  surface  during  the  sintering  are  added  into  the 
mixture. 

The  glass  phase  which  is  formed  facilitates 
sintering  process  and  reduce  the  porosity  of  the 
material  in  comparison  to  the  samples  where  the 
additions  are  not  used. 


x200 


Fig  1  a)  Structure  of  the  compact  obtained  without 
additions. 


x200 

Fig  1  b)  Structure  of  the  compact  obtained  with 
1%  mass,  of  B203. 

Another  way  to  improve  quality  and  physical 
properties  of  the  compact  is  to  modify  the  surface 
of  the  initial  diamonds  particles.  In  the  work 
different  modificators  were  used.  Such  substances 
as  CH4,  C2H5OH,  H2  intensify  the  transition  of  the 
carbon  during  the  treatment  under  high  pressure 
and  temperature.  As  the  result  the  porosity  is 
lowered  and  the  density  and  the  hardness  of  the 
samples  are  increased  (Fig  2) 


XI 5000 


Fig  2  TEM  of  the  compact  based  on  UD-powders 
modified  with  H2. 

Further  compactivity  of  the  UD  with  B  and  Ti  on 
the  diamond’s  surface  was  investigated.  From  one 
point  boron  and  titanium  can  accept  oxygen  which 
impedes  the  sintering  process,  from  another  point 
these  elements  provide  the  filling  of  the  pores 
during  the  thermal  treatment. 


336 


SECTION  D. 

STRUCTURE  AND  PROPERTIES  OF  MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


x200 


Fig  3  Shows  the  image  of  the  compact  based  on 
UD-powders  with  Ti. 

Hardness  and  density  of  the  samples  were  higher 
than  that  of  the  compacts  which  had  been  obtained 
before  and  made  up  30  GPa  (Vickers  method, 
load  200g)  and  2,7-2, 8  g/cm3  respectively. 
Sintering  of  the  UD-powders  modified  with 
metal-catalist’s  also  was  carried  out.  Hardness  of 
compacts  obtained  on  the  base  of  such  powders 
were  30-40  GPa  (Vickers  method,  load  200g), 
density  2,8-2,85  g/cmqq. 

In  spite  of  this  the  porosity  of  the  material  also  in 


j wg&m 
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Fig  4  Structure  of  the  compact  based  on  UD- 
powders  with  Co. 

There  was  determined  ability  of  UD  to  influence 
catalitically  on  the  transformation  of  the  non¬ 
diamond  carbon  into  diamond.  During  the 
sintering  of  the  UD-powders  modified  with  the 
graphite  and  the  soot  formation  of  dense  carbon 
phases  took  place.  It  was  shown  that  physical- 
mechanical  properties  of  produced  compacts  are 
defined  by  a  kind  and  dispersivity  of  the  non¬ 
diamond  carbon.  The  samples  obtained  on  the 
base  of  the  UD  modified  with  carbon  have  a 
hardness  up  to  70  GPa  (Vickers  method,  load 


200g)  and  a  density  raging  from  2,5  to  2,7  g/cm3 
(Fig  5). 


X250 


Fig  5  SEM  of  compact  based  on  UD-powders 
modified  with  carbon. 

The  results  of  the  work  shows  that  combining 
UD-powders  modified  in  the  different  ways  it  is 
possible  to  get  the  compacts  that  have  the  fine 
structure  (Fig  6)  which  determine  high  hardness 
of  the  samples  (up  to  lOOGPa,  Vickers  method, 
load  200g). 


x200 

Fig  6  Structure  of  the  compact  based  on  UD 
obtained  in  optimum  conditions 

X-ray  analysis  shows  that  the  samples  obtained  in 
optimum  conditions  possess  an  ultradispersed 
structure  with  small  amount  of  the  graphite  in  the 
compacts. 
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Abstract. 

A  microstructure  -  properties  study  of  the  hot- 
pressed  pure  alumina  materials  and  finegrained 
alumina  matrix  composites  containing  5  wgt.  % 
of  nano-dimension  nonoxide  and  oxide  particles 
with  different  thermal  expansion  coefficients: 
SiC,  Si3N4,  Si02,  ZrC>2  has  been  undertaken. 
The  structure,  hardness,  fracture  toughness,  wet 
erosive  wear  and  worn  surface  have  been 
investigated.  Dominant  influence  of  hot  pressing 
conditions  on  the  properties  of  the  produced 
materials  has  been  demonstrated.  It  has  been 
confirmed  that  composition  and  condition  of  the 
grain  boundaries  play  an  increasingly  important 
role  in  nanomaterials,  in  correlation  with  their 
large  volume  fraction. 

Introduction 

Previous  studies  have  demonstrated  that  wear 
behavior  of  pure  polycrystalline  alumina  is  strongly 
dependent  on  grain  size  and  for  a  wide  range  of 
wear  modes  the  rate  increases  significantly  with 
increasing  grain  size  [1,2].  However,  because 
alumina  is  usually  in  the  polycrystalline  form,  its 
properties  are  also  influenced  by  grain  boundaries 
that  occur  in  the  microstructure  [3].  Thus,  the 
present  work  presents  the  preliminary  findings  to 
investigate  the  pressing  conditions,  microstructures 
and  physico-mechanical  properties  of  ceramic 
nanocomposites. 

Experimental  procedure 

Dense  alumina  materials  of  a  range  of  grain  sizes 
were  produced  from  (X-AI2O3  powder  (Sumitomo 
AKP-50,  Japan).  5  wgt%  nanoparticles:  SiC, 
Si3N4,  SiC>2,  ZrC>2  were  incorporated  into 
alumina.  Discs  were  produced  by  hot  pressing  under 
pressure  20  MPa,  temperature  1300-1700°C  and 
time  8-211  min.  Thermal  etching  of  polished 
surfaces  was  carried  out  in  air  at  1470°C  for  1  hour. 
Microstructures  of  thermally  etched  surfaces,  worn 
disc  surfaces  and  fracture  surfaces  were  examined 
by  scanning  electron  microscopy  (SEM).  Mean 
grain  size  was  determined  by  the  standard  linear 
intercept  method.  Wet  erosion  was  carried  out  in  a 
modified  high-torque  attritor  mill  by  special 
technique  [1]. 


Results  and  Discussion 

SEM  examination  of  polished  and  thermally  etched 
surfaces  of  aluminas  hot-pressed  at  high  and  low 
temperatures,  showed  fairly  equiaxed  grains. 
Materials  that  have  been  hot-pressed  at  high 
temperature  are  developing  grains  of  nonuniform 
size.  Aluminas  hot-pressed  at  low  temperature  have 
more  uniform  size  and  their  porosity  is  distributed 
as  intergranular  micropores  at  grain  boundaries, 
especially  at  triple  points.  Nevertheless,  there  is 
correlation  between  grain  size,  hardness,  fracture 
toughness,  wear  rates  of  aluminas  and  temperature 
of  hot-pressing.  At  low  temperatures  such 
correlation  is  not  so  obvious  and  materials  with  the 
same  grain  sizes  can  demonstrate  different 
properties  because  of  the  influence  of  the  large 
difference  in  dwell  times  of  hot-pressing.  It  can  be 
explained  by  long  dwell  time  of  hot-pressing  or  any 
annealing  of  hot-pressed  materials  which  not  only 
can  increase  grain  sizes  but  also  can  help  to  get 
some  changing  (or  ordering)  grain  boundaries  [4], 
effecting  of  the  resulting  properties. 

It  has  been  demonstrated  that  aluminas  hot- 
pressed  at  high  temperature  can  contain  pores 
inside  grains  due  to  grain  boundary  evolution 
and  their  fracture  mode  partially  changes  from 
inter-  to  transgranular.  The  worn  surface  had  a 
veiy  rough  appearance  with  localized  chipped  area; 
the  intergranular  nature  of  the  grain  failure  process 
in  the  rough  regions  can  be  seen.  Presence  chipped 
areas  in  rougher  areas  shows  that  transgranular 
failure  takes  place  too. 

Relatively  smooth  and  finegrained  structure  of 
fracture  surface  of  the  alumina  composite  with 
5  wgt%  SiC  demonstrates  changes  in  morphology 
in  contrast  to  the  AI2O3  -  5  wgt.%  Si3N4 
composite  that  has  rougher  nonuniform  structure  of 
fracture  surface  with  elongated  grains  and  only 
partial  transformation  of  the  fracture  mode  from 
trans-  to  intergranular. 

The  worn  surfaces  of  composites  with  different 
additives  are  strongly  different.  The  best 
nanocomposite  AI2O3  -  5  wgt.%  SiC  has  an  overall 
smooth  appearance,  that  is  a  microscopically 
uniform  surface,  but  with  some  localized  very  fine 
roughness  covering  up  to  30%  of  the  all  surface 
(Fig.  la).  Addition  of  Si3N4  in  alumina  leads  to  a 
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very  rough  worn  surface  with  some  regions  of  grain 
pulled  out  by  intergranular  fracture,  areas  of 
plastically  deformed  material  and  particulate  wear 
debris  which  have  collected  in  recesses  on  the 
surface  (Fig.  lb).  The  little  difference  of  the 
thermal  expansion  coefficients  for  SiC  and  Si3N4 
is  not  responsible  for  the  better  wear  resistance  of 
the  first  composite  and  for  the  worn  surfaces  in 
that  case.  Moreover,  Si3N4  must  produce 
additional  strengthening  due  to  the  presence  of 
elongated  columnar  grains  in  the  matrix.  However, 
the  microstructure  can  not  enhance  wear  resistance 
of  the  AI2O3  -  5  wgt.%  Si3N4  nanocomposites. 
Very  smooth,  with  fine  structure  response  of 
composite  material  to  wear  by  alumina  grits  on 
adding  5  wgt.%  SiC>2  have  been  demonstrated.  The 
occurrence  of  fracture  due  to  strengthening  all  the 
grain  boundaries  and  preventing  of  crack  initiation 
became  suppressed  and  the  surface  was  plastically 
deformed  instead.  Perhaps,  the  reason  is  the 
strength  of  the  grain  boundaries  of  composition  Si- 
C-O-Al  which  form  in  the  material.  The  worn 
surface  of  alumina  with  5  wgt%  Zr02  is  similar  to 
the  worn  surface  of  coarse-grained  pure  alumina, 
but  with  significant  increase  in  the  proportion  of  the 
chipped  areas. 

All  composite  materials  produced  at  the 
temperature  1700°C  have  the  lowest  wear  rate 
when  the  dwell  time  of  hot-pressing  is  short, 
leading  to  amorphous  grain  boundaries.  By 
contrast,  pure  aluminas  exhibit  a  decrease  in  the 
wear  rate  for  low  temperatures  of  hot  pressing 
and  long  dwell  times,  resulting  in  ordered  grain 
boundaries. 

Conclusions 

Hot-pressed  alumina  materials  from  high  purity  a- 
AI2O3  exhibit  dominant  influence  of  hot  pressing 
conditions  on  the  properties  of  the  produced 
materials. 

It  has  been  demonstrated  that  aluminas  hot- 
pressed  at  high  temperature  (1600-1720°C)  can 
contain  pores  inside  grains  due  to  grain 
boundary  evolution  and  their  fracture  mode 
partially  changes  from  intergranular  to 
transgranular. 

The  fracture  mode  changed  from  predominantly 
intergranular  for  the  pure  alumina  to 
predominantly  transgranular  in  some  of  the 
nanocomposites.  The  difference  in  the  thermal 
expansion  coefficients  is  not  the  main  reason  for 
this  phenomenon. 

The  best  composite  material  containing  5wt.%  SiC 
particles  exhibits  transgranular  fracture  and 


excellent  wear  resistance  because  the  gram 
boundary  composition  is  Si-Al-O-C.  Other 
composite  materials  containing  5  wt.%  Si3N4  or 
Si02  also  exhibit  predominantly  transgranular 
fracture,  but  with  a  large  proportion  of 
intergranular  cracking  or  with  the  plastically 
deformed  surface,  so  their  wear  resistance  is 
lower.  Perhaps  this  is  because  the  composition  of 
grain  boundaries  does  not  include  carbon.  The 
composite  materials  produced  at  1700°C  have 
the  lowest  wear  rate  when  the  dwell  time  of  hot- 
pressing  is  short,  leading  to  amorphous  grain 
boundaries.  By  contrast,  pure  aluminas  exhibit  a 
decrease  in  the  wear  rate  for  low  temperatures  of 
hot  pressing  and  long  dwell  times,  resulting  in 
ordered  grain  boundaries. 
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Fig.  1 .  SEM  of  worn  disc  surface  of  alumina 
composites:  AI2O3  -  5  wgt.%  SiC,  AI2O3  -  5 
wgt.%  Si3N4  . 
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Problem  definition.  According  to  researches 
[1,  2]the  Silicate  materials  on  the  basis  of  Si02 
can  be  used  for  responsible  constructions  in  the 
field  of  squeezing,  as  at  small  unit  weight  p, 
comparative  small  flexural  strength  cr, ,  are 
characterized  by  a  high  compressive  strength  aQ  h 
and  rather  acceptable  Young’s  modulus  E  and 
Puasson’s  coeficient  ju  for  structural  materials. 

The  above  mentioned  datas  are  submitted  at  table  1 
for  six  grades  of  materials.  .  The  improving  of  op¬ 
erational  properties  of  these  materials  has  the  im¬ 
portant  practical  value.  The  present  research  is  de¬ 
voted  to  the  given  problem  in  connection  with  lack 
of  similar  information  in  the  technical  and  scien¬ 
tific  literature. 

Brief  information  about  technology  of 
manufacture.  The  stock  materials  from  a  glass 
and  glassceramic  were  gained  from  a  melting  of 
charge  of  a  given  elemental  composition  in  electric 
furnaces  by  molding  or  by  pressing  on  pneumatic 
presses  in  the  metal  shapes.  Work  material  was 
annealed  after  congelation.  After  baking  glassce- 
ramical  workpieces  were  exposed  to  a  heating  in 
electric  furnaces  on  particular  mode  due  to  what 
70-80  %  of  crystals  appeared  in  their  structure. 
Stock  material  of  chemically  resistant  solid  porce¬ 
lain  (CRSP)  were  gained  by  casting  of  ceramic 
slurry  (CCS)  with  moisture  of  32... 36  %  in 
gypsum  molds  or  shaping  of  crude  mass  (SGM) 
with  moisture  of  16...  18  %. 


Table  1.  Physical  -  chemical  properties 
of  some  technical  glasses 

M* 

P**) 

°c , 
MPa 

MPa 

ExlO5, 

MPa 

1 

2,23 

1580 

57 

0,91 

0,20 

2 

2,52 

1330 

45 

0,82 

6,21 

3 

2,24 

1300 

64 

0,71 

0,16 

4 

z,53 

2200 

71 

0,91 

0,22 

5 

2,55 

1200 

56 

0,69 

[0,26 

6 

2,45 

1600 

70 

0,83 

0,19 

*)  Materials 

:  1.  Alumoborosilicate  glass.  2. 

Optical  glass  K-8.  3.  Glass  MKR-1.  4.  Glass 

13v.  5.  Glass  S93-2.  6.  Sheet  glass. 

**)  In  kg/dm 3 

Testing  technique  was  described  in  researches 
[1,2].  Samples  010x30  mm  fabricated  by  diamond 
tool  were  tasted.  The  high  of  microasperity 
formulated  Ra  <  0,63  mkm  on  lateral  area.  Sam¬ 
ples  of  TSM506  glass  were  exposed  to  a  fluid 
temper  after  tooling  [3]. 

The  test  data  ,  their  argument  and 
deductions.  The  test  data  of  four  grades  of 
material  are  submitted  in  tab.  2.  Amount  of 
sampling  is  destignated  as  n0 ,  influence  on 
strength  on  a  concret  technology  factor 
parameter  yT ,  is  equal  to  the  attitude  of  samples 
strength,  that  are  characterized  by  this  factor  and 
initial  samples. For  glass  S93-2  and  ceramicglass 
STL- 10  initial  samples  fabricated  from  molten 
slabs  were  taken.  As  an  estimation  of  influence  on 
strenth  on  a  structural  state  of  glassceramic  STL- 
10  boundaty  stress  for  glass  S-57,  from  whish  it  is 
obtained  was  taken.  As  to  CRSP  it  was  initial 
strenth  for  samples  cut  out  from  workpieces 
obtained  in  casting  of  ceramic  slurry  in  gypsum 
molds . 

It  follows  from  tab.  2  ,  that  for  a  composition  S93- 
2  the  replacement  of  casting  by  molding  is  capable 
to  increase  strength  on  35  %,  while  for  STL- 10 
this  increase  has  not  exeeded  5  %.  However 
transision  to  a  crystalline  structural  state  hase 
raised  strenth  almost  on  50  %.  The  special 
attention  is  deserved  to  CRSP  because  manufacture 
of  workpieces  from  crude  mass  promotes  a 
strength  improvement  on  squeezing  almost  on  60 
%■  The  greatest  relative  increase  of  strenth  (up  to 
80  %)  was  reached  for  a  glass  TSM506  after  a 
temper  in  fluid  PES-5.  That  circumstance  deserves 
attention  that  a  molding  of  workpieces  from 
glassceramic  STL- 10,  chaping  from  a  crude  mass 
CRSP,  tempering  in  fluid  promoted  a  decrease  of 
selective  coeficient  of  variation.  In  this  connection 
we  can  mark  that  attitude  of  selective  coeficients  of 
a  variation  of  glassceramic  STL-10  strength 
bound,  fabricated  from  moulded  and  molded  stock 
materials  has  reached  almost  3,5.  Due  to  this  the 
inferior  boundary  of  a  confidence  interval  of 
ultimate  strength  essentially  increases  in  samples 
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Table  2.  The  test  data  according  to  influence 
og  technology  factors  on  strength  at  an  axial 
compression  oc  of  silicatematerials 


M* 

T**> 

<7C  > 

MPa 

v,% 

piece 

Yt 

Method  of  obtaining  of  stock  material 

1 

p 

1200 

8,5 

10 

1,00  1 

p 

1625 

13,2 

20 

1,35 

2 

p 

2670 

9,5 

50 

1,00 

p 

2777 

2,6 

20 

1,04 

3 

CCS 

560 

4,3 

24 

1,00 

SCM 

880 

3,7 

30 

1,57 

Structural  state  of  stock  material 

2 

A 

1801 

6,8 

8 

1,00 

CR 

2700 

6,0 

267 

1,49 

Fluid  temper 

4 

IG 

1225 

8,5 

20 

1,00 

HT 

2149 

5,1 

30 

1,76 

*)  Materials  :  1.  Glass  S93-2.  2. 

Glassceramic  STL- 10.  3.  CRSP  4.  Glass 
TSM506. 

**)  Tyechnology:  C  -  casting.  P  -  pressing. 
CCS-casting  of  ceramic  slurry  .  SCM  - 
shaping  of  crude  mass.  A  and  CR  - 
amorphous  h  cristalline  state.  IG  n  HT  -  initial 
and  heat-treated  glass _ 


The  feature  of  studing  material  is  presence  in 
their  composition  K  =  1 5  -  60  %  Si02 ,  and  also 


A  =  20  -  70  %  of  aluminium  oxide  Al2Oi.  In 

research  [4]  set  that  the  strenth  on  axial 
compression  depends  on  the  content  of  above 
mentioned  oxides  and  can  be  estimated  on  the 
following  stating: 


,9,69 


_  3,32  ^0,98  . 

(7  r  «  e  A  ; 


K 


0,79 


,  where 


e  =  2,7128  is  basis  of  natural  logarithm.  The 
studyed  materials  are  pespective  for  making 
responsible  highly  stresses  workpieces  such 
ascylindrical  or  spherical  shells  working  at 
extremal  pressure.  Value  of  limiting  forecast 
pressure  of  strenth  crCPR  according  [5]  it  is 
possible  to  estimate  from  expression 


here  Yi—Y, ,  are  relative  coefficients  of 
influence  on  strenth  bound  of  used  material  similar 
to  ours  Yt>  stipulated  by  influence  not  only 
technological  but  also  both  constructural  and 
operational  factors. 

Thus  for  increasing  of  bearing  capacity  at  an 
axial  compression  of  highly  stresses  workpieces  on 
a  basis  of  Si02>  the  materials  with  crystalline 
structure  ,  for  example,  glassceramics  are  rational. 
Whenever  possible  it  is  nessesary  casting  to 
exchange  by  a  molding  ,  to  make  articles  from 
CRSP  and  similar  technical  constructional 
ceramics  preferably  on  the  basis  of  crude  mass  at 
an  oppotunity  for  glasses,  to  utillize  a  fluid  temper. 
For  surveyed  materials  the  relative  magnification 
<7C  due  to  surveyed  technological  reseptions  thus 

makes  from  5  up  to  80  %  and  essentially  depends 
on  the  content  of  silicon  oxides  and  aluminium 
oxides.  The  boundary  pressure  loads  in  article  from 
datas  of  materials  are  proportional  to  product  of  of 
its  ultimate  strength  on  coefficient  of  influence  of 
technlogical,  design  and  operational  factors. 
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The  exploitation  of  outer  shells  of  space 
flight  vehicles  descends  in  conditions  of  leaps  of 
temperatures.  On  the  solar  party  the  surface 
temperature  of  a  stuff  reaches  450K,  and  in  shaded 
-  4K.  The  indicated  temperature  cycling  can  cause 
structural  changes  in  metal  and  introduce  the 
definite  contribution  in  degradation  processes  of  a 
surface  of  external  parts  of  flight  vehicles. 

Earlier  intercommunicated  [1],  that 
cooling  of  iron  up  to  temperatures  of  fluid  azote 
and  helium  originates  dislocation  processes. 
Accumulation  of  crystalline  defects  for  a  surface  of 
a  sample,  specially  around  of  actuations  can  be  one 
of  the  causes  of  a  level-by-level  degradation  of  a 
metallical  skin  of  a  space  engineering. 

Research  of  similar  processes  [1]  is 
conducted  on  refined  to  iron  P)K05  and  on  steel  05. 
The  steel  05  is  selected  in  connection  by  that 
contains  in  the  volume  enough  impurities,  which 
one  can  be  utilised  as  the  natural  set  dresser 
structural  gradient.  With  the  purpose  decreasing  of 
artefacts,  bound  with  opening-up  of  a  metal  paper 
for  a  translucent  microscope,  the  samples  were 
mechanically  thining  in  identical  conditions.  Then 
one  part  of  samples  were  electrolytic  thining,  and 
its  frame  executed  a  role  "of  reset  state".  The 
second  crew,  before  a  final  procedure  electrolytic 
thining,  was  chilled  in  fluid  azote  with  the 
subsequent  heating  on  air  up  to  room  temperature. 

In  a  fig.  1 ,  a,  the  substructure  of  initial 
iron  P5K05  is  adduced,  in  which  one  are 
watched  in  the  main  single  dislocations.  After 
cooling,  fig.  1  ,b,  quantity  of  dislocations 
increases  sharply.  The  dislocation  congestions 
will  derivate  type  of  cellular  frames  [2], 

Change  of  morphology  of  a  surface  of 
a  sample  of  steel  05  conducted  in  a  Auger- 
microscope  in  vacuum  10'6Pa.  Diameter  of  a 
surface  of  a  microsection  made  3  mm  and, 
after  a  polishing  the  sample  was  annealed  in 
vacuum  10'3Pa  at  the  temperature  of  1 100°C. 


b 

Fig.  1 


In  a  fig.  2, a,  the  reference  surface 
structure  of  a  microsection  of  an  initial  sample  is 
adduced,  which  one  practically  did  not  vary  both 
after  maiden,  and  after  the  second  -minute 
cleanings  by  ions  Ag. 

In  a  fig.  2,b,  the  map  of  the  same  place, 
but  at  the  temperature  of,  close  to  -15(rC  is 
adduced.  Cooling  and  exposure  (—30  minutes)  are 
carried  out  in  column  of  an  Auger  spectrometer. 
Before  obtaining  of  a  snapshot,  fig.  2,b,  the  surface 
subjected  to  minute  cleaning.  The  essential 
increase  of  density  of  pits,  fig.  2,b,  is  a  consequent 
of  increase  of  density  of  dislocation  congestions  in 
iron  at  cooling  and  exposure.  At  the  greater 
sanction  of  a  snapshot,  the  fig. 3,  is  visible,  that  the 
pits  contain  microactuations  of  impurity  of  metal. 
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Comparing  these  data  with  outcomes, 
reduced  in  activity  [1],  it  is  necessary  to  mark  their 
coincidence  up  to  temperature  of  metal  ~  (130- 
150°C).  Therefore  it  is  necessary  to  expect,  that  fall 
of  metal  temperature  in  conditions  of  actual  space 
(4-10)K,  will  cause  the  formation  including  relief, 
reference  twinning,  which  one  arises  at  more  steep 
cooling  [1]. 

The  obtained  data  testily,  that  steep 
temperature  fall  of  metal  of  a  surface  of  a  skin  of  a 
space  vehicle,  availability  of  intrinsic  contaminants 
and  ionized  radiation  of  space  can  essentially 
influence  strengthening  of  degradation  processes 
in  conditions  of  outside  space. 
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Unique  characteristics  of  SiAlON  -  based 
ceramics  attract  researchers'  attention  to  it  as  a 
basis  for  development  of  new  high  -  performance 
metal  -  ceramic  materials  of  the  Si-Al-O-N-Me 
class  which  are  capable  of  operating  under  extreme 
conditions. 

The  aim  of  the  present  work  is  to  investigate 
the  interaction  in  SiAlON  —  based  composites  with 
an  addition  of  the  ZrN  reinforcing  phase  during  hot 
pressing  and  to  determine  the  factors  promoting  an 
increase  in  some  mechanical  properties. 

Using  the  methods  of  differential  thermal 
analysis  (DTA)  and  X-ray  diffractometry  (XRD), 
the  character  of  interaction  in  the  composites  of 
five-component  Si-Al-O-N-Zr  system,  in 
particular  in  its  element  Si3N4-AI203-ZrN  and  the 
forming  pseudobinary  Si3N4-ZrN,  Si3N4-Al203  and 
Ai203-ZrN  subsystems,  is  established. 

Literature  data  concerned  the  Si3N4-Al203- 
ZrN  system  are  unavailable.  As  to  the  forming 
pseudobinary  systems,  it  is  known  that  as  a  result 
of  the  interaction  of  Si3N4  with  A1203,  the 
following  exchange  reaction  occurs: 

Si3N4+2Al203n4AlN+3Si02  [1],  The  intermediate 
products  of  the  reaction  are  mullite 
3Al203:2Si02(M),  X-phase  Si4Al40nN2, 
oxynitride  Si2N20  and  five  AIN  polytypes.  DTA  of 
green  compacts  of  the  concerned  subsystem  which 
were  subjected  to  heating  up  to  1870°C  and 
cooling  to  room  temperature  shows  the  effects 
corresponding  to  the  formation  of  Si02  and  the  X- 
phase.  XRD  analysis  of  the  sintered  samples 
detected  the  presence  of  p-SiAlON,  Si02  X-phase 
and  mullite.  Therefore,  our  data  are  in  full 
agreement  with  the  data  of  the  investigation  [1], 

During  studying  of  the  interaction  in  the 
Si3N4-ZrN  system  it  has  been  shown  by  us  for  the 
first  time  that  heating  of  the  samples  in  the  DTA 
unit  up  to  1850°C  with  the  subsequent  cooling  to 
room  temperature  leads  to  free  silicon  (  which  is  a 
product  of  the  Si3N4  dissociation  )  reacting  with 
ZrN.  The  latter  results  in  the  formation  of  ZrSi2 
which  is  determined  via  XRD  analysis.  During 
cooling  ZrSi2  forms  a  eutectic  with  the  unreacted 
silicon,  ZrSi2+Si  (1340°C). 


DTA  of  the  Al203-ZrN  subsystem 

composites  carried  out  by  us  for  the  first  time  has 
shown  that  in  heating  them  up  to  1900°C  with 
subsequent  cooling  to  room  temperature  on  heating 
curves  an  exothermic  effect  is  observed 

corresponding  to  the  allotropic  transformation  in 
A1203  as  well  as  the  effects  at  1705,  1840  and 
1860°C.  XRD  analysis  of  the  samples  which  were 
sintered  in  the  DTA  unit  indicates  that  ZrN, 
a-Al203  and  Zr02  (  impurity  in  the  starting  ZrN 
component  )  are  present  in  them.  It  follows  from 
that  that  the  effect  at  1 860°C  corresponds  to  the 
(Al203+Zr02)  eutectic.  The  effects  at  1705  and 
1 840°C  similarly  to  a  known  system  Al203-TiN 
are  interpreted  by  us  as  corresponding  to  the 
formation  of  spinel  (AlON)  and  melting  of  its 
eutectic  with  Al203. 

DTA  and  XRD  analyses  of  the  Si3N4-Al203- 
ZrN  system  composites  indicate  that  the  same 
processes  take  place  in  this  system  as  in  its  limiting 
pseudobinary  systems.  However,  depending  on  the 
content  of  the  component  in  the  composites 
particular  processes  prevail.  For  instance,  in  the 
40Si3N4-10AI203-50ZrN  (mol.  %)  composite 
heated  up  to  1862°C,  the  formation  of  zirconium 
disilicide  and  the  (ZrSi2+Si)  eutectic  is  determined, 
whereas  in  the  25Si3N4-50Al2O3-25ZrN  (mol.  %) 
composite  heated  up  to  1900°C  apart  from  the 
described  processes  the  effects  corresponding  to 
the  formation  of  spinel  and  the 
(A10N+A1203)  eutectic  are  registered  on  the 
heating  curve. 

Thus,  it  has  been  established  for  the  first 
time,  that  in  the  Si3N4-Al203-ZrN  system  during 
hot  pressing  of  the  composites  the  following 
phases  form:  Si02,  AIN,  X-phase,  mullite,  ZrSi2 
and  spinel.  The  amounts  of  these  phases  depend  on 
the  starting  composition  of  the  composites.  The 

effects  corresponding  to  the  eutectics  Li^Si+ZrSi2 

(  1340°C  )  and  L2±;A1203+  spinel  (  1840°C  )  are 
also  registered  on  the  heating  curves. 

I.  Gauckler  L.J.,  Lukas  H.L.,  Petzow  G.J. 
Contribution  to  the  phase  diagram  Si3N4-AlN- 
Al203-Si02  /  J.  Amer.  Cer.  Soc.,  V.  58,  No  7,8, 
1975. -P.345-347. 
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Thin  films  of  chromium  disilicide  have 
attracted  attention  because  of  their  unique 
combination  of  electrophysical  properties, 
increased  stability  under  temperature  gradient, 
mechanical  stresses,  aggressive  media.  Thin 
films  of  chromium  disilicide  solid  solutions 
have  been  intensively  studied  from  both 
fundamental  and  applied  points  of  view,  due  to 
their  important  application  in  very  large 
integrated-circuit  technology  as  metallic 
materials  for  gate  electrodes,  interconnection 
and  surface  resistors  in  hybrid  integrated  circuit, 
sensor  and  other.  In  this  work  we  present  the 
results  of  evolution  parameters  of  microstructure 
in  amorphous-crystalline  films  in  thickness 
range  20-80  nm. 

The  films  were  prepared  by  the  ion-plasma 
method  sputtering  chromium  disilicide  targets, 
produced  by  hot  forming  powder  CrSU  The 
residual  gas  pressure  was  about  lxl 0"4  Pa,  and  the 
pressure  of  argon  during  deposition  was  4x1  O’2  Pa. 
At  a  target  voltage  of  1  kV  and  a  target  current  of 
50  mA,  the  film  thickness  was  10-100  nm. 

To  investigate  the  structure  by  transmission 
electron  microscopy,  the  films  were  condensed  on 
(100)  surface  NaCl,  from  which  they  were 
separated  by  distilled  water  and  supported  by  grids 
of  copper  or  molybdenum.  Resistivities  were 
calculated  from  the  sheet  resistance,  measured  with 
a  foir-point  probe  method.  The  sample 
composition  was  controlled  by  a  standard  Auge- 
sputter  depth-profiling  technique,  which 
combined  argon-ion  milling  technique  with 
Auger  electron  spectroscopy  (AES  )  and  SIMS. 
Ellipsometric  measurements  were  made  with 
ellipsometor  LEF-2.  The  light  source  was  He- 
Ne  laser  ( X  =632,8  nm). 

Films  deposited  at  Ts  =  333  K  are  amorphous. 
The  transmission  electron  micrograph  shows  a  fine 
-  grained  contrast  which  is  typical  of  amorphous 
structures.  It  is  shown,  that  films  deposited  on  the 
substate  at  Ts  =  573  K  have  amorphous  and 
crystalline  phase.  For  annealing  temperatures  >973 
K  the  amorphous  films  crystallized  into 
polycrystalline  hexagonal  phase  CrSb  type  (C40) 
[1].  Transition  from  amorphous  to  crystalline 
phase  take  place  on  the  narrow  temperature  range 
as  shown  in  fig  1 .  AES  and  SIMS  depth  profiles 
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Fig.l.  Diagram  of  phase  transitions  on 
crystallization  of  disilicides  in  thin  films. 

showed  uniform  distribution  metal  and  silicon 
throughout  the  film  thickness,  and  its  ratio 
corresponded  to  target  compositions.  In  all 
samples,  carbon  with  some  oxides  (<1,5  nm)  was 
detected  on  the  surface,  presumably  in  form  of 
native  silicon  oxide.  The  oxygen  concentration  in 
the  layer  is  normally  not  uniform  in  depth.  No 
other  contamination  was  found. 

The  studies  of  microstructure  are  an  important 
stage  of  material  research.  The  knowledge  about 
the  relationship  between  the  parameters  of 
structure  and  properties  is  necessary  for  the 
development  of  advanced  ceramic  thin  films.  For 
this  purpose  the  quantitative  analysis  of  structure  is 
used  as  a  significant  research  tool.  This  work 
aimed  at  the  application  of  computer  aided 
quantitative  analysis  for  the  description  of 
microstructure  of  amorphous-crystalline  thin 
films. 

In  the  quantitative  analysis  of  amorphous- 
crystalline  thin  films  the  following 
microstructural  parameters  were  determined: 

Df  -  Feref ’s  diameter, 

©  -  volume  fraction  of  phase,  0  =  Sp  /  S0  (  Sp  - 
surface  crystalline  phase,  S0  -surface  window  of 
measurement), 

N©  -  specific  number  of  grains,:  N©  =  N  /  S0; 

L  -  mean  chord  of  grains,  L  =  4®/Sv;  (Sv  - 
spesivic  surface  of  grains), 
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t  -  mean  intergrain  distance,  t  =  4(  l-0)/Sv; 

Fc  -  factor  configuration  of  grains, 
Fc  =2(  7i  S)1/2  /P  (S  -  surface  of  grain,  P  - 
perimeter  of  grain). 


Fig-2.  Histograms  of  Feref's  diameters  for  CrSi2 
amorphous-crystalline  films  for  variety  thinks: 
a  -  d=l  0  nm;  b  -  d=20  nm;  c  -  d=40  nm;  d=80  nm. 


d,  run 


In  Fig.2  the  examples  of  distribution  of 
Feref's  diameter  of  crystalline  phase  are  shown.  It 
should  be  noticed  that  the  histograms  are  stretched 
in  right-hand.  Thickness  dependence  of  lines, 
volumes  and  configuration  parameters  of 
crystalline  and  amorphous  phase  of  microstructure 
of  CrSi2  thin  films  thus  calculated  are  shown  in 
Fig.3.  Mean  intergrain  distance  of  crystalline  phase 
and  its  specific  number  are  decrease  with  the 
growth  of  films  thickness.  Experimental  results 
were  calculated  in  terms  of  Skorochod"s  theoiy 
[2]-  Using  relations  from  this  theory  of  volume 
characteristic  of  crystalline  phase  [3],  we  have 
obtain  the  evolution  of  microstructure  from 
matrix  to  matrix-statistic  type  which  happen 
stipulate  crystallization  effect  in  the  process  of 
film  setting,  coalescence  isolated  standing  by 
crystalline  and  "caking"  of  contacting  particles. 


Fig.3.  Thickness  dependence  of  microstructure 
parameters  of  CrSi2  amorphous-crystalline  films.a- 
Feref's  diameter,  b-  mean  intergrain  distance  (1) 
and  mean  chord  of  grains  {2},  c-  volume  fraction 
of  phase  (3)  and  specific  number  of  grains  (4). 
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The  necessity  of  significant  increase 
effectiveness  of  the  power  blocks  in  the  Ukraine, 
and  also  revival  of  an  air  space-rocket  industry 
requires  creation  the  new  generation  of  high- 
temperature  alloys  and  heat-resistant  alloys,  and 
also  their  manufacturing  technologies.  The 
perspective  decision  of  this  problem  is  use  of  high- 
temperature  alloys  and  heat-resistant  alloys  on 
basis  of  chromium.  For  example  it  can  be  used  to 
produce  locks  of  the  vanes  which  could  work  at 
temperatures  up  to  1573  K.  The  Cr-Re-Ti-La 
system  can  be  discussed  as  a  suitable  alloy. 

The  temperature  of  cold  brittleness  of  such 
alloy  is  below  room  temperature,  the  temperature 
of  recrystallization  of  the  deformed  metal  is  about 
1573  K,  tensile  strength  in  the  deformed  state  reach 
almost  250  MPa  atl573  K,  but  the  “viscous” 
intergranular  breaking  tendency  in  a  cast  state  at 
test  temperatures  higher  than  1373  K  is  a  serious 
difficulty  to  its  use.  First  of  all,  it  is  connected  with 
increased  alloys  impurity  by  the  implantation 
impurity  and  low  cast  quality  of  alloys.  Besides, 
the  electric  arc  melt  of  this  system  is  incomplete, 
because  the  melting  temperature  of  the  rhenium  is 
almost  3570  K,  and  the  chromium  melting 
temperature  -  2090  K,  therefore  there  is  always 
probability  of  detection  some  slice  of  the  unfused 
metal  in  the  alloy.  This  problem  also  adds  the 
question  of  the  decreasing  contamination  by  the 
powder  rhenium  implantation  impurity,  because 
there  is  0.2-0,25  %  wt  in  a  condition  of  delivery 
content  of  carbon  in  rhenium  Re-2  and  as  the  alloys 
Cr-Re  consist  up  to  40%  weight  of  rhenium  the 
consequence  is  that  content  of  impurity 
introduction  (carbon)  is  more  than  limiting  value, 
because  it  cause  significant  increase  of  cold 
brittleness  temperature  (almost  up  to  473  K). 

The  carried  out  physic-chemical  researches 
and  thermodynamic  calculations  have  shown,  that 
the  reduction  of  carbon  in  rhenium  powder  is 
possible  in  high  vacuum  (10'2-10'3  Pa)  processing 
at  temperatures  above  1773  K  at  the  expense  of  the 
carbon  evaporation.  It  is  established  that  the 
annealing  at  temperatures  1673-1773  K  allows  to 
reduce  the  carbon  weight  from  0.25  %  up  to  0.02- 
0.01  %.  There  is  no  problems  with  oxygen  because 
the  oxide  Re207  already  evaporates  at  temperature 
560  K.  At  the  same  time  the  accounts  have  shown, 


that  there  is  an  opportunity  to  decrease  contents  of 
the  carbon  at  much  lowest  temperatures  (1073- 
1473  K)  by  the  simultaneous  expense  dioxidation 
and  carbon  removal  at  reaction 

Re207  +  C  =  2ReC>3  +  CO 

At  these  temperatures  the  products  of 
reaction  can  evaporate  easily.  This  assist  increasing 
kinetics  of  process  at  the  expense  of  optimum  stock 
porosity.  There  for  was  explored  the  possibility  of 
pressing  rhenium  powder  together  with  the 
chromium  mark  ERC  in  order  to  further  annealing 
pressed  material  in  vacuum  and  exploring  their  use 
in  melt  abilities.  It  was  investigated  and  established 
the  optimum  pressure  at  pressing  compacted  stocks 
and  temperature  of  its  annealing.  Experimental 
melt  Cr-Re  alloys  was  carried  out  in  vacuum-arc 
furnace  in  copper  crater  of  50mm  diameter.  The 
researches  have  shown  that  melting  of  common 
pressed  compact  stocks  of  system  Cr-Re  was  more 
technological,  melting  stocks  occurred  smoothly, 
without  additional  superheating  and  with  small 
losses  of  metal. 

At  melt  of  ingots  by  an  electric  arc  method 
their  crystallization  occurs  in  very  adverse 
conditions.  The  results  are  both  the  rather  large  size 
of  grains  and  their  non-uniform  growth  in  various 
directions.  Taking  into  account,  the  fact  that  in  fine 
crystalline  deformed  state  is  absent  the  propensity 
to  high-temperature  "viscous"  intergranular 
destruction  a  temperature  of  test  up  to  1573  K  was 
put  a  task  to  receive  a  uniform  fine  grain  in  a  cast 
state.  It  can  be  reached  only  by  casting  the  metal  in 
the  copper  chill.  But  attempts  to  pour  out  the  metal 
in  the  chill  were  unsuccessful  because  the  metal 
quickly  transformed  into  a  mix  of  liquid  and  crystal 
particles  even  at  essential  superheating.  The  study 
has  shown  the  temperature  interval  of  the  Cr-Re 
system  crystallization  is  very  large  ((tSOi  =  2178  K, 
t|iq  =  2253  K)  that  has  a  negative  effect  for  cast 
properties  of  an  alloy. 

For  reduction  the  temperature  interval  of 
crystallization  and  increasing  the  cast  technological 
properties  of  these  alloys  the  titanium  has  been 
choose  as  alloying  component.  The  insertion  of 
titanium  into  ailoys  enables  to  narrow  an  interval  of 
crystallization  till  10-15  K,  and  considerably  to 
increase  the  fluidity  of  alloys.  The  titanium  is  very 
active  carbide  forming  element  which  clear  an 
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alloy  from  the  carbon  as  well.  We  hope  that  the 
particles  of  the  titanium  carbide  will  crystallize  first 
of  all,  which  can  be  as  additional  centers  of 
crystallization  (modified  alloys),  creating  the 
preconditions  for  the  fine  crystalline  structure. 
Besides  this  in  according  to  the  phase  diagram  Ti- 
Re  the  titanium  solubility  into  the  rhenium  is  very 
insignificant,  so  there  is  a  possibility  of  formation 
the  intermetalic  compound  TisRe24  at  high 
temperatures  which  can  create  additional  centers  of 
ciystallization  also  (melting  temperature  of  the 
Ti5Re24-3023K). 

The  implantation  of  the  titanium  into  the 
alloy  in  insignificant  quantity  (0.2-0.3%  weight) 
leads  to  the  melted  metal  cast  into  the  chill  very 


easily.  In  addition  the  crystallization  is  extremely 
uniform  with  fine  crystalline  structure.  In  this  case 
the  size  of  grains  is  within  the  limit  of  25-40 
microns  arise  unlike  the  usual  electric  arc  melt 
which  produce  grains  size  of  0.5-2  mm. 

The  structural  researches  have  shown  that 
it  was  impossible  to  clear  completely  the  borders  of 
crystalline  grains  from  harmful  impurity.  The 
electron-microscopic  researches  have  found  out 
both  slag  impurities  and  other  cast  inclusion.  It  can 
testify  about  the  insufficient  size  of  the  cast  feeder 
head.  There  for  at  melting  and  casting  the  very  pure 
alloys  should  be  paid  attention  to  the  cast 
technological  process  features. 
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The  material  Ti  -  Cr  -  TiC,  having 
increased  wear-  resistant  on  air  is  known  at 
friction  without  greasing  in  pair  with  chilled  steel 
,  and  steels  after  of  borating  ,  siliconizing, 
chromizing  (  hardness  up  to  60  HRC  ). 

In  the  given  work  the  mechanism  of 
structure  formation  of  a  material  of  composition 
Ti  -  Cr  -  TiC,  received  as  a  result  of  reactionary 
interaction  of  components  of  charge  Ti  -  Cr3C2. 
The  research  was  carried  out  on  extrusion  samples 
made  of  from  powders  of  electrolytic  titanium 
and  carbide  chromium  of  fractions  accordingly  - 
0,25  and  -0,056  mm,  annealing  in  vacuum  0,13 
Tla  during  15,  30,  60,  90,120  mines. 

The  process  of  dissolution  of  carbide 
chromium  particles  in  titanium  is  investigated  on 
the  basis  of  research  of  redistribution  of  making 
components  in  dissolved  carbide  to  a  particle  and 
basis  annealing  titanium  of  a  material.  With  this 
purpose  was  carried  metallography  research  on 
raster  electronic  microscope  JSM  -  U3  and  x-ray 
microanalyzer  "«CaMeca'\  The  use  of  raster 
microscope  has  allowed  to  lead  three-dimensional 
research  of  separate  phases  or  site  of  sample,  and 
the  application  of  the  adaptation  to  microscope  - 
x-ray  spectrometer  -  has  enabled  to  receive  the 
electronic  image  dissolved  of  a  particle  carbide 
chromium  with  a  x-ray  picture  of  distribution  in  it 
Ti,  Cr,  C  . 

The  contents  titanium  and  carbon  in  a 
basis  of  new  phase  formed  around  of  initial 
carbide  as  the  shell,  is  shown,  than  in  dissolved 
carbide  chromium  particle  are  much  above.  The 
curve  of  distribution  of  chromium  shows  his  high 
contents  in  an  initial  particle,  sharp  decrease  in  the 
formed  shell  of  a  new  phase  and  presence  it  in  a 
basis.  I.e.  on  a  place  of  an  initial  arrangement  of  a 
particle  carbide  chromium  is  present  chromium, 
around  of  which  the  phase  carbide  titanium  was 
formed.  Chromium  and  the  carbon  contains  also 
in  titanium  to  a  basis.  The  application  of  the  x-ray 
microanalyzer  M«CaMecaM  has  allowed  to  define 


the  contents  Ti,  Cr,  C  in  separate  structural 
components  and  to  establish  comhjsition  of  formed 
phases  that  depending  on  the  size  of  inclusions  initial 
carbide  chromium  (0,01-  0,05  mm). 

Is  established,  that  the  dissolution  of 
particles  carbide  chromium  is  accompanied  at  first 
diffusion  of  carbon,  and  after  that  chromium  in 
titanium.  In  result  diffusion  goes  leaning  carbide 
Cr3C2  on  carbon  with  transition  it  in  the  lowest 
forms  Cr7C3,  Cr23C6,  and  then  chromium.  Carbon 
diffuse  in  titanium  with  formation  carbide  titanium 
stechiometric  of  composition  TiC,  chromium  -  with 
formation  of  a  solid  solution  in  titanium. 

The  research  of  structure  and  microhardness 
of  phases  annealing  of  samples  has  shown,  that 
diffusion  of  carbon  in  titanium  accompains  of 
formation  of  solid  solution  in  titanium  the  carbon  in 
the  beginning  around  of  initial  carbide  of  inclusions  , 
then  there  is  a  redistribution  it  on  borders  of  particles 
titanium,  as  to  the  most  defective  and  close  located 
places  to  dissolved  carbide  chromium,  and,  at  last,  as 
a  result  of  aspiration  of  system  to  an  equilibrium 
status,  on  borders  of  grains  titanium  and  in  their 
volume. 

At  cooling  from  supersaturaton  of  a  solid 
solution  titanium  -  the  carbon  is  allocated  carbide 
titanium  stechiometric  of  composition  TiC,  the  form 
and  place  which  arrangement  depends  on  annealing 
time  and  redislocation  of  carbon  in  a  basis:  as  the 
shell  around  of  initial  carbide  inclusions,  continuous 
strips  superpose  of  crystals  on  borders  of  particles 
titanium,  separate  fine  rounding  of  inclusions  on 
borders  of  grains  of  titanium  basis.  Chromium 
diffuse  in  titanium  after  carbon  and  also  forms  a  solid 
solution  titanium  -  chromium. 

The  structure  containing  plastic  titanium  - 
chromium  basis,  in  which  the  fine  even  inclusions 
carbide  titanium  are  in  regular  intervals  distributed, 
responds  a  principle  of  creation  wear  -  resistant 
materials  which  have  received  the  name  «  a  rule 
Charpi«  (a  plastic  matrix  -  firm  inclusions). 
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Intermetal  lies  LaNi5  is  widely  known  due  to 
extreme  opportunities  is  convertible  to  absorb 
hydrogen  in  significant  quantities  (6-7  atoms  per 
formula  unit)  at  temperatures  close  to  room. 
However  equilibrum  pressure  in  system  LaNi5-H2 
makes  about  3  atmospheres,  that  essentially 
reduces  opportunities  its  practical  application. 
Doping  LaNi3  by  other  transitive  metals  allows  to 
operate  process  of  hydride  formation  without 
deterioration  its  absorbtion  of  properties.  For 
example,  for  an  alloy  LaNi45Mno.3Alo2  the 
equilibrum  pressure  at  room  temperature  managed 
to  be  lowered  to  0.2  atmospheres  [1],  The 
thermodynamics  is  one  of  the  fundamental 
approaches  by  development  of  the  theory  of 
management  hydrogenation.  At  the  same  time  of 
items  of  information  on  thermodynamic  properties 
of  alloys  on  a  basis  LaNis  in  the  literature  are 
absent. 

The  purpose  of  the  present  work  was  the  re¬ 
search  heat  capacity  and  enthalpy  of  LaNi5.xCox 
(X=0;  0.5;  1.0;  1.5;  2.0;  2.5)  alloys  in  the  tem¬ 
perature  range  55  -  1500  K.  The  intermetallides 
under  study  were  produced  from  lanthanum,  nickel 
and  cobalt  (99,8  %)  by  arc  melting  with  tungsten 
nonconsumable  electrode  in  purifild  argon. 

Heat  capacity  at  55  —  300  K  were  measured 
by  adiabatic  calorimetry  method  with  periodic  in¬ 
put  of  heat  on  low  temperature  standard  thermo¬ 
physical  unit  [2],  and  enthalpy  -  by  drop  calo- 
rimetry  method  on  high-temperature  differencial 
calorimetry  [3],  The  error  of  the  heat  capacity 
measurement  not  to  exceed  0,4  %,  and  of  enthalpy 
-  1,5  %.  The  experimental  data  (fig.  1)  of  heat  ca¬ 
pacity  smoothed  out  by  a  method  of  sliding  ap¬ 
proximation  by  the  cubic  multimembers  with 
weight  factors  [2], 

To  obtain  main  thermodynamic  functions 
under  standard  conditions  the  experimental  data  on 
the  low  temperature  heat  capacity  for  the  alloys 
studied  were  extrapolated  to  0  K  using  equation  of 
follows  [2]: 
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The  enthalpy  (J-mole1),  heat  capacity,  en¬ 
tropy  and  Gybbs’s  energy  (J-mole'-K'1)  of  LaNi5. 
xCox  alloys  at  298,15  K  were  obtained:  31383; 
152,26;  211,4;  106,1  (LaNi5);  30970;  149,04; 
211,6;  107,8  (LaNi4.5Co0.5);  31942;  154,70;  219,0; 
111,9  (LaNi4Co);  32408;  156,76;  222,5;  113,8 
(LaNij.sCo,.,);  32195;  155,27;  224,1;  116,1 

(LaNi3Co2);  32461;  157,2  220,9;  112,0 

(LaNi25Co25). 

Experimental  data  (fig.2)  of  the  alloys 
studied  enthalpy  (J-mole ')  in  the  temperature 
range  of  298,15  -  1500  K  were  approximation  us¬ 
ing  Mayer  -  Kelly  equation: 

H°(T)  -  H°(298, 1 5K)=A  T2+B  T+C  T'1+D  (2) 
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At  confidential  probably  0,95  values  of  en¬ 
thalpy,  designed  on  (2),  are  characterized  by  an 
average  relative  confidential  interval  not  to  exceed 
1,5  %. 

Proceeding  from  (2)  the  temperature  de¬ 
pendencies  of  heat  capacity,  entropy  and  Gybbs’s 
energy  (J-mole'1-K1)  function  are  as  follows: 


Flg.2.  Experimental  data  for  enthalpy 
of  LaNis-xCox  alloys 


AX=0  □  X=0.5  AX=1.0  oX=1.5 
x  X=2.0  •  X=2.5 


C°P(T)=2AT+B-CT'2  (3) 

S°(T)=2-A-T+B-lnT+0,5-C-T'2+E  (4) 

<D,(T)=A  T+B-lnT-D  T"‘-0,5  C  T'2+(E-B)  (5) 
Coefficients  of  temperature  dependences  (2 
-  5)  were  calculated  by  the  least  square  method 
using  two  boundary  conditions,  i.e.  zero  value  of 
enthalpy  at  298,15  K  and  standard  value  of  allow 
heat  capacity  to  provide  agreement  between  high 
and  low  temperature  heat  capacity  values.  The  pa¬ 
rameters  A,B,C,D,E  are  equal,  respectively: 
23,60T0'3;  142,94;  422020;  -46130;  -619,5 

(LaNi5);  28,23-10'3;  139,09;  611006;  -42029;- 
601,2  (LaNi4.5Coo,5);  30,05-10'3;  138,00;  101068;  - 
44155;  -585,9  (LaNi4Co);  27,69  10'3;  142,97; 
302063;  -46100;  -610,3  (LaNi3.sCoi  5);  31,73-10'3; 
140,10;  332457;  -45706;  -594,9  (LaNi3Co2); 


34,40-1 0'3;  138,12;  126669;  -44664;  -587,3 

(LaNb^Cojs). 

Heat  capacity  at  low  temperatures  is  deter¬ 
mined  on  the  one  hand  by  insignificant  shift  pho¬ 
non  mode  on  frequency  in  result  doping,  with  an¬ 
other  -  presence  of  magnetic  transition  peculiar  of 
cobalt  compounds.  As  shown  in  [4],  the  Curie 
temperature  grows  in  process  of  increase  of  the 
contents  cobalt  from  20K  for  LaNi^Coo.s  up  to 
400K  for  LaNi25Co2  5.  Heat  capacity  of  this  alloy 
has  the  greatest  meanings  owing  to  superfluous 
absorption  of  heat  on  destruction  of  the  magnetic 
order. 

At  higher  temperatures,  when  phonon  spec¬ 
trum  is  completely  exited  also  magnetic  transitions 
are  completed,  the  important  role  is  played 
by(with)  changes  in  elastic  -  dynamic  characteris¬ 
tics  at  doping  LaNi,  by  cobalt,  and  also  electronic 
specific  heat.  In  [5]  is  shown,  that  the  high  mean¬ 
ing  of  factor  electronic  specific  heat  LaNi5  is  com¬ 
pletely  determined  in  densities  of  states  N(e)  5d' 
of  a  zone  La  close  Fermi  level  and  the  power 
structure  of  this  zone  is  given.  Increase  heat  ca¬ 
pacity  of  alloys  LaNi5_xCox  in  proportion  to  pa¬ 
rameter  x  can  be  quite  connected  to  shift  of  a 
Fermi  level  in  the  party  of  more  dense  condition  in 
a  zone  of  conductivity. 
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Powder  intermetallic  compounds  titanium 
nickelide  possessing  save  memory  and  super¬ 
elasticity  properties  must  work  in  particular 
conditions  of  the  considerable  volume  self¬ 
deforming  under  influence  of  the  martensitic 
transformation.  It  is  difficult  problem  creating 
strong  undestroyed  powder  carcasses. 

Synthesis  TiNi  results  from  combining  the 
pure  elemental  metal  powders  by  powder 
metallurgy  method  has  produced  by  many  authors, 
but  they  have  obtained  mixture  of  the  intermetallic 
phases  TiNi,  T^Ni,  and  T^Ni.  The  goal  of 
homogeneous  TiNi  would  seem  to  be  difficult  to 
achieve  because  titanium  and  nickel-rich  phases 
existed  in  addition  to  the  TiNi  phase  although  they 
showed  a  tendency  to  shift  further  toward  the  TiNi 
single  phase  when  heat  treatment  as  applied  to 
effect  homogenization. 

The  second  method  used  for  the 
production  of  porous  nitinol  is  self-propagating, 
high  temperature  synthesis.  The  technology  of  this 
method  is  based  on  utilization  of  the  exothermic 
heat  of  formation  upon  interaction  of  various 
elements.  But  this  porous  material  contained  both 
TiNi  and  Ti2Ni  phases. 

Another  method  of  powder  metallurgy  is 
proposed  to  produce  homogeneous  one  phase 
powder  porous  TiNi  in  this  work.  Produced  TiNi 
by  this  method  allowed  also  to  increase  the 
reversible  deformation  up  to  20-30%,  to  extend  the 
temperature  range  of  phase  transformation  up  to 
300  C,  to  assure  the  manufacturing  of  parts  of 
complicated  shape  without  mechanical  processing. 

It  was  studied  the  characteristic 
temperature  of  martensite  transformation  in  porous 
TiNi. (fig.  1).  It  is  seen  the  range  of  martensite 


Fig  1  The  hystheresis  curve  of  martensite 
transformation  for  TiNi  powder.  The  ordinate  shows  an 
amount  (%)  of  high-temperature  (“austenite”)  phase  B2 


transformation  in  powdered  TiNi  is  about  300°C. 
This  means  the  our  TiNi  to  be  two-phase  at  room 
temperature  and  lower  one:  both  austenite  and 
martensite  are  present.  This,  in  turn,  stands  for 
after  deformation  at  those  temperature  the  material 
will  reveal  both  super-elasticity  and  shape  memory 
phenomena,  thus  making  the  powdered  TiNi  more 
universal  in  application. 

It  was  established  the  character  of 
dependencies  of  reversible  deformation  and  height 
recovery  degree  for  sintered  porous  material. 


Fig-2.  Height  recovery  degree  (tj)  and  reversible 
deformation  (e.,)  for  sintered  specimens  with  different 
porosity:  50%(1);  43%(2);  30%(3)  vs.  direct 

deformation  (£)  under  uniaxial  compression.  The  dotted 
curve  is  the  same  for  nonporous  TiNi  under  tension. 

The  curves  are  obtained  from  the  data  of 
height  change  of  the  sintered  specimens  under 
loading  and  unloading.  The  maximum  value  and  its 
position  are  changing  with  the  sample  porosity, 
increasing  in  both  coordinates  for  higher  porosity. 
These  curves  are  formed  as  a  result  of  common 
contribution  of  two  deformation  channels.  One  of 
them  is  martesitic  deformation,  which  provides  an 
increase  of  the  reversible  deformation,  and  the 
second  is  the  deformation  in  accordance  with 
traditional  mechanisms  of  plastic  flow,  which 
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decreases  the  reversible  deformation.  This  is  also  a 
reason  of  decreasing  of  the  recovery  degree.  So 
We  have  established  the  following  characteristic 
features  of  shape  memory  and  super-elasticity 
effect  during  one-time  loading  of  the  porous  TiNi 
associated  with  heterogeneous  deformation  of 
porous  bodies:  shape  recovery  degree  not 
achieving  100%:  back  deformation  of  the  porous 
TiNi  materials  significantly  exceeding  that  of 
nonporous  materials;  the  maximum  on  the  back 
deformation  curve  as  a  function  of  that  of  the 
direct  one  shifting  to  the  region  of  the  higher 
values  of  direct  deformation. 

In  case  of  a  repeated  loading  of  the  porous 
TiNi  materials,  the  following  peculiarities  of  the 
super-elasticity  effect  realization  were  distinguish: 
occurrence  of  significant  delay  in  shape  recovery 
during  the  first  cycle  as  compared  with  other 
cycles;  repeated  loading  with  the  same  load  value 
causing  fiuther  material  densification  which  ceases 
with  the  increase  of  the  number  of  cycles; 
practically  complete  deformation  reversibility 
achieved  after  10  loading  cycles. 

It  was  shown  the  powder  porous  TiNi 
produced  by  special  method  has  the  developed 
coral-like  particle  shape.  The  usage  of  such 


Fig.3.  Porous  structure  of  samples  from  coral-like 
powders  with  developed  surface.  (x200) 

powders  permitted  to  produce  the  porous  structure 
of  compacts  with  two  sizes  pores:  fine  pores  inside 
the  powder  particles  and  coarse  interparticle  ones. 
Such  a  structure  assures  the  effective  dissipation  of 
vibrations  and  high  damping  properties. 

The  practical  meaning  of  proposed  work 
consists  in  that  new  sort  of  functional  material 
TiNi  manufactured  in  the  porous  version  is 
universal  material  as  it  has  wider  interval  of 
permissible  strengths  and  deformations  than  cast 
TiNi.  It  is  also  established  porous  TiNi  possess  the 


volume  memoiy  effect  and  higher  damping 
properties. 

TiNi  is  known  as  the  material  with  high 
damper  properties  due  to  effective  dissipation  of 
vibrations  on  the  interphase  “austenite  -  heat 
temperature  elastic  martensite”  boundary.  In 
proposed  porous  TiNi  materials  (porosity  is  30- 
50%)  besides  microstructure  level  of  damping 
more  powerful  macrostructure  level  works 
dissipation  of  vibrations  on  the  pore  free  surface 
and  inter-particle  contacts.  That  allowed  not  only 
increasing  the  coefficient  of  damping  by  100  times 
but  also  to  wider  significantly  amplitude-frequency 
interval  of  effective  damping.  Such  material  is 
prospective  for  the  development  of  the  effective 
vibroinsulating  systems  for  cryocoolers  and  optical 
platforms  in  airspace  and  for  using  as  damping 
layers  for  cutting  instruments  from  superhard 
ceramics. 

Some  constructions  of  the  tank  dizel 
engines  need  the  effective  thermal  compensators 
for  assembles  of  jet  joining.  Porous  TiNi  material 
permits  to  replace  large  and  less  reliable  buffer  cast 
springs  due  to  super-elasticity  effect. 

Due  to  its  high  hardness  TiNi  material 
possesses  also  high  wear  resistance.  Such  materials 
for  tribotechnical  using  in  the  conditions  of  friction 
without  lubricant  may  be  created  on  the  porous 
TiNi  basis  both  as  details  and  as  plasma  coatings. 
Specifics  of  wear-resistant  friction  in  the  extreme 
conditions  is  caused  by  deformative  properties  of 
porous  surface  which  is  reversibly  restored  after 
removal  loading  without  wear  due  to  shape 
memory  and  super-elasticity  effects.  Besides,  its 
contribution  in  the  process  of  wear-resistant 
friction  process  is  to  bring  in  also  the  damping 
ability  of  the  porous  TiNi  surface. 
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In  the  Mg  -  B  system,  the  existence  of  four 
boride  phases,  namely,  MgB2,  MgB4,  MgB6  and 
MgB)2,  has  been  established.  However,  only 
magnesium  diboride  has  found  practical  application. 
It  is  used  as  a  catalyst  in  the  reaction  of  synthesis  of 
cubic  boron  nitride  [1]  and  in  preparation  of 
superconductors  [2]. 

In  this  connection,  in  the  present  work,  methods 
of  synthesis  of  magnesium  diboride  which  can  be  the 
base  of  the  full-scale  production  of  MgB2  with  a 
composition  close  to  the  stoichiometric  composition 
were  sought. 

For  the  preparation  of  MgB2,  the  method  of 
synthesis  from  elements  was  used,  and  the  processes 
of  interaction  of  magnesium  salts  with  boron  were 
investigated. 

The  synthesis  from  elements  was  carried  out  in 
an  argon  atmosphere  at  temperatures  below  the 
dissociation  temperature  of  magnesium  diboride,  i.e., 
at  780-800°  C.  The  composition  of  mixtures,  the 
influence  of  the  exposure  time,  and  the  purity  of 
initial  magnesium  on  the  quality  of  the  end  product 
were  studied. 

It  was  established  that,  to  compensate 
magnesium  losses  caused  by  its  evaporation,  a  5% 
magnesium  excess  should  be  present  in  the  mixture. 
The  preparation  of  the  product  of  optimum 
composition  requires  an  exposure  time  of  2-3  h. 

The  compositions  of  the  reaction  products  were 
studied  by  X-ray  phase  analysis.  The  contents  of 
magnesium,  boron,  and  oxygen  were  determined  by 
methods  of  chemical  analysis. 

The  oxygen  content  in  all  samples  was  found  to 
be  somewhat  below  that  in  initial  magnesium.  That 
is  why,  to  prepare  MgB2  with  a  composition  close  to 
the  stoichiometric  composition,  magnesium  with  a 
minimum  oxygen  content  (which  is  usually  present 
in  the  form  of  stable  MgO)  should  be  used. 

In  investigation  of  interactions  between 
magnesium  salts  and  boron,  the  process  was  carried 
out  in  a  neutral  atmosphere  and  vacuum. 


It  was  established  that  the  use  of  magnesium 
carbonate  as  an  initial  component  did  not  lead  to  the 
preparation  of  single-phase  boride.  The  boride 
formation  process  proceeds  slowly,  and,  in  the  end 
product,  along  with  magnesium  diboride,  magnesium 
oxide  and  free  boron  were  present. 

The  magnesium  halogenides  can  become  more 
promising  materials  for  the  preparation  of  oxygen- 
free  magnesium  boride  [3], 
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Halcogenides  of  rare  earth  metals  (REM) 
having  the  Ln3Rt  (here  Ln-REM,  H  -  halcogen) 
composition  are  characterized  by  the  thermal 
stability,  the  high  melting  temperatures  (~  2000  K) 
and  the  electrical  conductivity  (for  La3Se4  the 
concentration  of  conduction  electrons  is  equal 
5,4- 1021  cm'3).  They  have  the  superconductivity 
properties,  high  values  of  electronic  works 
function  and  resistance  to  the  metals  melt  and 
halcogen  salts  [1,2].  The  estimation  of  Ln3Se4 
compounds  thermoelectric  efficiency  (Z)  [3] 
showed  that  the  halcogenides  of  mentioned 
composition  will  be  available  as  a  promising  high 
temperature  (1300  -  1700  K)  thermoelectric 
materials  for  the  n  -  branch  of  thermogenerator. 
The  application  of  these  compounds  allows  to 
increase  the  temperature  and  ,  thus,  the  efficiency 
of  hot  junction  to  1700  -  1800  K.  Therefore  they 
are  considerably  promising  for  application  as 
structural  materials  for  some  parts  of 
magnetohydrodynamical  transducers  and  in  a 
different  branches  of  techniques. 

A  knowledge  of  the  thermodynamic  properties 
of  substances  is  necessary  for  optimization  of 
synthesis  process  and  manufacturing  of  new 
materials  with  the  previously  predetermined 
properties. 

The  estimations  of  standard  entropy  magnitude 
and  the  enthalpy  of  formation  for  La3Se4  were 
presented  in  [4],  Values  of  these  characteristics  are 
equal  to  S°(298,15  K)  =  282,42  ±  8,37  J-mof'-K'1 
and  Hf°(298,15  K)  =  131796  ±  83680  J-mol'1, 
respectively.  Heat  capacity  measurements  by 
adiabatic  calorimetry  are  reported  for  indicated 
compound  between  60  and  300  K  in  [5].  The  heat 
capacity,  entropy,  reduced  Gibbs  energy  and 
enthalpy  of  La3Se4  at  298,  15  K  were  also 
determined  therein.  Up  to  the  present  time  the 
thermodynamic  properties  of  La3Se4  have  not  been 
investigated  experimentally  at  high  temperatures. 

The  goal  of  our  presentation  is  to  study  of 
La3Se4  enthalpy  in  the  range  from  450  to  2260  K 
as  well  as  to  calculate  the  temperature 
dependencies  of  principle  thermodynamic 


functions  for  these  compounds  in  both  solid  and 
liquid  states. 

The  sample  of  the  selenide  was  prepared1  by 
ampoule  method  from  the  elements.  From  the 
results  of  XRD  analysis  the  synthesized  selenide 
proved  to  be  single-phase  compound  of  Th3P4 
structure.  The  lattice  parameter  was  determined  for 
the  compound  investigated  and  is  equal  to:  a  = 
0,9045  nm.  This  result  correlates  well  with  the 
literature  data  [6].  From  the  results  of  chemical 
analysis,  the  La3Se4  sample  contain  La  -  56,91, 
Several  -  43,02  mass.,  %.  The  free  selen  was  not 
founded  in  the  sample.  Consequently,  the 
composition  of  sample  is  stoichiometric 
LaSe]j33±o,oi  and  formula  of  the  compound  pointed 
out  is  La3Se4. 

The  enthalpy  of  lanthanum  selenide  was 
measured  by  the  mixing  method  between  450  - 
2260  K.  After  experiments  have  been  carried  out 
before  the  compound  melting  the  mass  change  of 
calorimetric  sample  was  no  from  the  initial  one 
more  than  0,1  %  and  1  %  after  the  melting 
temperature. 

The  results  of  measurement  for  La3Se4  enthalpy 
are  given  in  Fig.  1.  The  enthalpy  of  compound 
investigated  changed  monotonically  up  to  some 
temperature  interval  (for  La3Se4  -  2070  -2102  K) 
followed  by  an  increase  of  enthalpy  stipulated  with 
the  appearance  of  a  liquid  phase. 

In  the  solid  state  the  experimental  data 
concerning  the  enthalpy  were  approximated  by 
Maier  -  Kelly  equation: 

H°(T)  -  H°(298,15)=AT2  +  BT  +  CT'1  +  D  (1). 

The  A,  B,  C  and  D  parameters  in  this  equation 
were  determinated  by  the  method  of  least  squares 
[7]  using  two  boundary  conditions  H°(T)  - 
H°(298,15)  =  0  at  298,15  K,  Cp°(298,15  K)  =  182,4 
J-mol'1  -K'\  Such  expedient  makes  possible  to 
reconcile  low  and  high  temperature  heat  capacity 
data  for  our  selenide.  The  temperature 

dependencies  of  thermodynamic  functions  (heat 
1 

Synthesis  and  attestation  of  samples  were  carried  out 
with  the  participation  of  M.  Y.  Pribilskiy 
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capacity,  entropy  and  reduced  Gibbs  energy  of 
compound  were  determined  as: 

Cp°  =  2AT  +  B  -  CT2;  (2) 

S°(T)  =  2  AT  +  BlnT  +  0,5CT2  +  E;  (3) 

G°(T)  =  AT  +  BlnT  -  DT'1  -  0.5CT  +  (E-B).  (4) 


entropy  for  La3Se4  were  at  first  found  by 
extrapolation  of  (1)  and  (5)  dependencies  to  the 
melting  point:  A„H(La3Se4)  =  157,3  ±  8,474 
kJ'mol  ,  AtrS(La3Se4)  =  74,62  ±  4,02  J-moF'-K"1. 

Such  information  about  La3Se4  thermodynamic 
properties  should  be  interesting  to  work  with 
material  containing  this  substance  in  extreme 
conditions. 


Here  E  is  numerical  parameter.  The  parameters  of 
(l)-(4)  equations  are  equal  to:  A  =  3,464-1  O'3,  B  = 
147,383,  C  =  -42738,  D  =  -1276890,  E  =  -489,38. 
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Fig.  1 .  Experimental  data  of  La3Se4  enthalpy  at 
high  temperatures 

In  the  liquid  state  two  values  of  La3Se4  enthalpy 
were  obtained  and  then  they  were  approximated  by 
following  linear  dependence  (5): 

H°(T)  -  H°(298,  1 5  K)  =  f  ■ +  gT.  (5) 

The  f  and  g  parameters  were  evaluated  only 
taking  into  account  the  first  boundary  condition 
H  (T)  -  H°(298,  1 5  K)  =  0  at  298, 1 5  K  and  they  are 
equal  to  —95308  and  319,67,  respectively.  The 
deviation  of  values  of  La3Se4  enthalpy  as  they 
were  calculated  from  (1)  and  (5)  equations  were 
characterized  by  0,9  and  2,12  %  magnitudes  of 
averange  confidence  interval,  respectively. 

The  calculated  melting  point  of  indicated 
lanthanum  selenide  (2108  ±55  K)  is  15  K  below 
than  values  given  in  [8],  The  melting  enthalpy  and 
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INTRODUCTION 

Due  to  low  density  (  4,2  g/sm  2  for  Ti,Al  and 

3.9  g/sm2  for  TiAl  in  comparison  from 

8.9  g/sm2  for  superalloys  on  Ni  -base  ) 
and  high  temperature  of  melting  (1600°  C  for 
TiAl  and  1460°  C  for  Ti3Al  in  comparison 
with  1650  -  1800°  C  at  superalloys), 
intermetallics  on  a  basis  titanium  aluminides 
the  find  wide  application  in  quality  of 
materials  of  details  of  modern  aircraft 
engines  and  designs  [  1-5  ]. 

It  is  established,  what  microalloying 
y  -  aluminides  the  titanium  scandium  can  to 
provide  increase  of  their  heat  resistance, 
refinement  and  modifying  structures,  formation 
of  the  dispersion  strengthened  structure  with 
coherent  connection  between  strengthening 
and  matrix  phases.  Proceeding  from  this  it  is 
possible  to  expect  increase  of  mechanical 
characteristics  in  a  wide  range  of  temperatures. 
The  given  material  it  is  possible  to  use  in 
chambers  of  combustion  as  it  has  sufficient 
durability  at  working  temperatures  up  to 
1000°  C. 

It  is  established,  what  such  properties  the 
materials  on  a  basis  has  y  -  aluminides  the 
titanium  with  additives  of  scandium. 

On  the  basis  of  carried  out  researches 
it  is  established  : 

1.  During  mechanical  synthesis  formation 
no  governing  structures  with  simultaneous 
formation  metastable  phases  (  hadness 
solution,  intermetallics,  oxides  )  takes  place. 

2.  Application  hot  isostatic  pressing  allows  to 
realize  effect  of  a  structural  heredity  and 
durable  characteristics  at  hot  pressing  from 
this  alloy  of  a  material,  due  to  formation  at 
high  values  of  temperature  and  loading  of 
pressing  of  a  refined  substructure  with 
nanostructural  grains. 

3.  It  is  established,  that  covering  on  a  basis 
y  -  aluminides  have  good  heat  resistance 
and  high  mechanical  characteristics. 

4.  The  accent  of  the  further  researches  in  this 
area  should  be  done  on  reception  no 


porous  the  dispersion  strengthened  materials 
on  nanometrical  a  level  with  the  raised 
mechanical  characteristics. 
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The  double  titanium  -  chromium  carbide  is 
the  solid  solution  of  Cr3C2  in  TiC.  It  is  the 
material  having  the  high  hardness  and 
resistence  to  high  -  temperature  oxidation.  This 
enables  to  consider  TiCrC  as  a  perspective 
components  of  wear-  and  heat-resistant 
composite  materials. 

In  order  to  develop  the  composite  materials 
on  the  base  of  double  titanium  -  chromium 
carbide  we  carried  out  the  study  of  wetting  of 
TiCrC  by  Ni  -  Cr  nickel  alloys,  the  chromium 
content  in  alloys  being  in  the  concentration 
range  of  1  -25  mass.%.  Hereby  the  nature  of 
interface  interaction  zone  was  studied  for  the 
TiCrC  -  (Ni  -  Cr)”  system.  For  the  composite 
materials  on  the  base  of  TiCrC  double  carbide, 
the  Ni  -  Cr  metallic  binder  was  chosen 
because  it  was  characterised  by  a  high  enough 
heat  -  resistance.  This  allows  to  use  the  TiCrC 
~  ~  material  for  the  manufacturing  of 

parts  working  at  high  temperatures.  It  has  been 
established,  resulting  from  investigations  carried 
out,  that  the  chromium  additives  into  nickel  in 
the  concentration  range  of  10-15%  under  the 
wetting  of  TiCrC  by  Ni  -  Cr  alloys  promote 
to  formation  of  zerro  contact  angles. 

In  the  interaction  zone,  the  heterogeneous 
fine -grain  structure  consisting  of  complicated 
carbide  grains  was  found.  The  metallic  phase 
proved  to  be  uniformly  distributed  between 
these  carbide  grains.  For  the  fabrication  of 
composite  material,  the  Ni  -  15  mass.%Cr 
metallic  binder  was  chosen,  the  content  of 
metallic  binder  being  20  and  30%. 

The  TiCrC,  Ni  and  Cr  powders,  in  the 
coorelation  pointed  out,  were  subjected  to  hot 
pressing  in  the  graphite  moulds  at  the 
temperature  1550°C.  It  has  been  established 
that  the  microstructure  of  TiCrC  -  20%(Ni  - 
15%Cr)  material,  investigated  using  the  SX  - 
50  microanalyser,  consists  of  carbide  grains  of 
sphere  shape  with  the  size  of  1  -  5  pm.  The 
metallic  melt  is  uniformly  distributed  between 
these  grains. 


The  tribologic  characteristics  of  TiCrC  - 
20%(Ni  -  Cr)  composite  material  were  studied 
using  the  MT  -  68  friction  device.  Hereby  the 
values  of  friction  coefficient  and  relative  wear 
resistance  of  material  were  determined  at 
different  velocities  (in  the  region  of  5 -15  m/s) 
and  loads  (2.5- 10  MPa). 

It  has  been  shown  that  the  friction 
coefficient  is  diminished  with  the  increase  of 
test  velocities,  and  at  V=15m/s  it  is  equal 
to  0.25.  Hereby  the  relative  wear  resistance  is 
decreased.  If  at  the  small  values  of  velocity 
the  sample  wear  did  not  exceed  3.5pm/km, 
under  the  maximum  test  velocities  it  increased 
up  to  11  pm/km  (fig.  1). 


Fig.  1.  Influence  of  speed  of  the  test  on  the 
material  TiCrC-20%(Ni  -  Cr)  value  of  wear 
and  friction  coefficient  meaning  by  constant 
load  of  P  =  5  MPa. 

Tribological  tests  by  constant  speed  and 
different  loads  (fig.2)  showed  the  same 
tendentious:  the  increasing  of  the  load  was 
followed  by  diminishing  of  the  friction 
coefficient  and  increasing  relative  wear 
resistance.  The  process  of  the  wear,  as  it  was 
detected,  with  increasing  of  load  becoming 
more  intensity  againist  increasing  speed. 
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V=15m/s 

/,  pm/km 


Fig.  2.  Influence  of  load  of  the  test  on  the 
material  TiCrC— 20%(Ni  —  Cr)  value  of  wear 
and  friction  coefficient  meaning  by  constant 
speed  of  V=  15  m/s. 


The  resistance  of  material  as  for  high  - 
temperature  oxidation  is  one  of  the  most 
important  parameters  characterizing  the 
material.  In  study  the  oxidation  behavior  of 
TiCrC  —  20%(Ni  —  Cr)  composite  powders  has 
been  investigated  under  the  heating  in  air  up 
to  1000°C  using  the  OD-103  derivatograph. 

It  has  been  established  that  the  interaction  of 
composite  on  the  base  of  TiCrC  with  oxygen 
(in  air)  proceeds  during  four  stages,  the  first 
stage  beginning  at  ~  550°C.  The  formation  on 
powder  surface  of  protective  films  consisting 
of  both  titanium  and  chromium  oxides 
significantly  decreases  the  oxidation  rate. 
Havever,  the  oxidation  rate  is  essentially 
increased  at  the  temperatures  exeeding  800°C. 

The  investigations  carried  out  have  shown 
that  the  material  developed  may  be 
recommended  for  the  work  under  condition  of 
intensive  loads  at  high  temperature. 
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STRUCTURAL  STABILITY  OF  HIGH-ALLOY  CHROME-IRON  ALLOYS 

AT  HIGH  TEMPERATURES 

Dan'ko  S.V.,  Minakov  V.M. 
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High-alloy  chrome-iron  alloys  have  a  row 
of  unique  and  specific  properties,  that  allows  to 
recommend  them  as  perspective  heat-resistant  and 
construction  materials  for  needs  of  chemical  and 
power-generating  machine-building,  active  zone  of 
fast  reactors.  Investigation  of  structure  change  and 
alloys  properties  during  exploitation  at  high 
temperatures  is  an  actual  task. 

Objects  for  research  were  alloys,  containing 
54-60%  Cr,  0, 8-2,8%  Al,  0,18-0,64%  Ti,  0- 
1,35%  V,  0,01-0,1%  rare-earth  metals,  the  rest  - 
Fe.  They  were  obtained  by  vacuum-induction 
melting  of  pure  charge  materials  with  next  vacuum- 
arc  remelting  or  refining  by  electron-beam  method 
in  vacuum  with  use  of  intermediate  reservoir. 
Primary  treatment  by  pressure  of  cast  metal  was 
concluded  in  extrusion.  Than  metal  was  forged  by 
sledge  hammer  to  sheet-bars,  which  afterwards 
were  rolled  to  the  sheets  in  a  few  passes. 

Essential  obstacle  for  wide  application  of 
Cr-Fe  alloys  at  high  temperatures  is  their 
embrittlement  owing  to  dissolution  (foliation)  of 
solid  solution  in  the  temperature  range  670-820  K 
and  owing  to  sigma-phase  forming  at  820-1020  K 

Investigation  of  peculiarities  of  these 
processes  at  duration  up  to  1000  hours  allows  to 
estimate  an  exploitation  possibility  of  explored 
materials  in  stated  temperature  range,  to  define 
influence  of  admixtures,  alloying  elements, 
structural  state  on  the  embrittlement.  Analysis  of 
strengthening  which  takes  place  at  long-term 
annealing  at  T  =  770  K  shows  that  dissolution 
process  approaches  to  equilibrium  state  at  duration 
more  than  100  hours.  Zones  (phases)  a  h  a' 
enriched  by  iron  and  chrome  have  a  dimension  ~ 
10-20  nm.  They  are  effective  barriers  for 
dislocation  movement,  that  is  why  strengthening 
and  lowering  of  plasticity  occur.  During  long-term 
annealing  precipitation  of  carbide  particles  takes 
place  in  cast  and  recrystallized  metal.  These 
particles  can  precipitate  along  grains  boundaries 
and  embrittle  metal  additionally. 

It  was  observed  that  amount  of  nitrogen 
influences  on  the  embrittlement  speed  essentially 
(fig.  1).  Increasing  of  total  amount  of  nitrogen 
determines  raise  part  of  this  element  in  free 


(dissolved)  state,  which  first  of  all  tends  to  fill 
octapores  of  crystalline  lattice,  that  circled  by  big 
amount  (four-six)  of  chrome  atoms  owing  to 
considerable  electron  affinity  of  nitrogen  to  chrome. 
Atom  complexes  Cr-N  serve  as  the  centers  for 
creation  of  zones  depleted  by  iron,  apparently. 
Presence  of  interstitial  atoms  accelerates  dissolution 
and  accordingly  embrittlement  as  a  result  of  higher 
extent  of  solid  solution  overcooling  at  770  K.  At 
certain  level  of  total  amount  of  nitrogen  (more  than 
0,03%)  amount  of  it  in  free  state  runs  up  to 
maximum  presumably.  This  part  of  nitrogen 
participates  in  complexes  forming  and  accelerating 
this  process.  Further  increasing  of  concentration  of 
this  admixture  does  not  accelerate  embrittlement 
already.  As  a  whole  this  argumentation  is  confirmed 
by  plasticity  degradation  of  alloys  with  different 
structural  state.  Amount  of  nitrogen  in  free  state 
which  is  situated  in  the  interstices  of  crystalline 
lattice  in  metal  with  grain  structure  is  higher  than  in 
material  with  cellular  dislocation  substructure.  This 
is  takes  place  owing  to  bigger  segregation 
“capacity"  of  cell  boundaries.  They  accumulate  a 
greater  amount  of  admixtures  than  grain 
boundaries.  Recrystallized  material  (pure  by 
nitrogen)  reaches  maximal  temperature  of  cold 
brittleness  after  lesser  time  (fig.  2).  For  alloy  with 
high  nitrogen  amount  structural  state  does  not 
determine  embrittlement  speed  already:  amount  of 
impurity  atoms  participating  in  the  forming  of  Cr-N 
complexes  reaches  maximum  for  cellular  as  for 
recrystallysed  structure  presumably.  Concentration 
of  carbon  does  not  have  an  influence  on 
embrittlement  speed. 

Thus  in  order  to  decrease  the  embrittlement 
extent  at  dissolution  of  solid  solution  for 
investigated  group  of  alloys  it  is  necessary  to 
decrease  amount  of  nitrogen  in  free  state  during 
melting  and  by  fixing  it  in  stable  chemical 
compounds.  Creation  of  cellular  structure  which 
accumulate  considerable  part  of  impurities  on  cell 
boundaries  allows  to  slow  plasticity  degradation 
essentially. 

Also  long-term  annealing  (duration  up  to 
1000  hours)  of  alloys  at  T  =  970  was  carried  out. 
Initial  material  state  is  cellular  dislocation  structure 
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(cell  size  -  0,5  -2,0  mkm).  The  alloys  with  different 
aluminium  amount  were  investigated.  Sigma-phase 
precipitates  on  grain  and  cell  boundaries  at  duration 
less  500  hours  already  in  alloy  with  amount  of  A1 
equal  0,8%  and  results  in  catastrophic 
embrittlement.  Amount  of  sigma-phase  increases 
from  internal  layers  of  specimen  towards  its 
surface.  That  is  explained  by  depletion  of  surface 
layers  by  aluminium  which  is  consumed  for  oxide 
film  forming.  Sigma-phase  does  not  precipitate  in 
alloys  with  high  aluminium  amount  (1, 9-3,1%)  at 
explored  annealing  duration  up  to  1000  hours. 
Alloying  of  vanadium  (~1%)  results  to  forming 
fine-dispersed  carbonitrides  of  this  chemical 


element  after  few  hours  of  annealing.  These 
particles  prevent  migrations  of  cells  boundaries  and 
recrystallization. 

Thereby  in  order  to  prevent  forming  of 
sigma-phase  at  exploitation  of  materials  in 
temperature  range  900-1100  K  it  is  necessary  to 
alloy  them  with  aluminium  not  less  1, 5-2,0%. 
Increasing  of  chrome  concentration  in  accordance 
with  equilibrium  diagram  of  alloys  Fe-Cr-Al 
diminishes  tendency  to  creation  of  this  phase  also. 
But  raised  chrome  amount  causes  plasticity 
degradation  and  problems  with  industrial  melting  of 
alloys. 


Fig.  1.  Change  of  cold  brittleness 
temperature  of  alloys  in  dependence  on 
amount  of  nitrogen  at  dissolution  of  solid 
solution  (T=770  K)  at  duration: 

1  -  0  hours,  2-10  hours, 

3-100  hours,  4  -  1000  hours. 


Fig.  2.  Temperature  dependence  of  tough- 
brittle  transition  of  alloy  which  contains 
0,014%  N  (curves  1,  2)  and  of  alloy  which 
contains  0,120  %  N  (curves  3,4)  on 
annealing  duration  at  T  =  770  K  and 
structural  state: 

1.3  -  cellular  state, 

2.4  -  recrystallized  state  (grain  size  =10 
mkm). 
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Technically  pure  titanium  obtained  by 
technology  of  Joint-stock  company  "FIKO"  was 
investigated.  The  melting  method  through 
intermediate  reservoir  with  use  electron  gun  of  high- 
voltage  glowing  discharge  cold  cathode  was  used  in 
this  work. 

Admixtures  such  as  Na,  K,  Ca,  S,  Cl  in 
condensates  taken  from  chamber  surface  in  zones 
over  melting  electrode  and  over  bath  as  well  as  over 
crystallizable  metal  were  detected  with  use  of 
Auger-electron  spectroscopy.  These  admixtures 
were  revealed  in  the  samples  which  were  remelted 
after  vacuum  arc  melting. 

These  admixtures  were  not  detected  on 
destruction  surfaces  of  technically  pure  titanium 
and  alloy  VT-6  (Ti-6%A1-4%V).  These  data  testify 
to  metal  refining  from  harmful  admixtures  at 
electron-beam  melting  method. 

Destruction  of  titanium  obtained  by 
technology  of  Joint-stock  company  "FIKO"  at  low 
temperatures  takes  place  at  high  strength  level. 
Grain  boundaries,  particles  and  other  defects 
highly  influence  on  the  passing  of  the  tests. 
Destruction  of  technically  pure  titanium  occurs  by 
mechanism  of  dimple  forming  and  merger  in  the 
examined  temperature  range. 

Researching  of  destruction  surfaces  of 
technically  pure  titanium  displays  that  the  intensive 
displacement  bands  are  formed  on  side-cut  surface 
of  specimens.  Interaction  of  these  bands  with  grain 


boundaries  generates  the  cracks.  Crack  initiation 
takes  place  on  grain  boundaries.  Dimple  forming 
takes  place  on  grains  boundaries  which  are 
ortogonal  to  specimen  axis.  That’s  why  tough 
destruction  passes  here. 

High  ingots  quality  permits  to  deform  theirs 
with  high  reduction.  High-quality  foil  was  obtained 
from  ingots  of  technically  pure  titanium  without 
intermediate  annealing  and  structure  preparation  by 
thermomechanical  treatment. 

Fulfillment  of  this  treatment  allows  to 
obtain  fine-grained  (~1  mm)  and  coarse-grained 
(~5  mm)  structure. 

Fine-grained  structure  is  formed  during 
dynamic  recrystallization.  Grain  size  of  coarse¬ 
grained  structure  correlates  with  extraction 
coefficient. 

Results  of  tension  tests  in  co-ordinates  true 
deformation  e  -  true  strength  S  testify  to  rise  of 
plasticity  modulus  at  temperature  lowering  from 
+200°C  to  -253°C.  At  temperatures  -253°C  and  - 
196  C  true  breaking  stresses  coincide  practically 
and  are  equal  Sf  =  2200  MPa  E/50,  where  E  is 
modulus  of  elasticity  of  titanium. 

Data  of  mechanical  tests  at  20°C  are 
presented  in  the  table. 

Authors  express  gratitude  to  V.A.Schekin  - 
Krotov  /Joint-stock  company  "FIKO"/  for  samples. 


Table.  Properties  of  teduncally  pure  titanium  obtained  by  melting  method  of  Joint-stock  company  "FIKO" 


Structure  type 

ct02,  MPa 

ctb.  MPa 

5,  % 

V,  % 

Sf,  MPa 

HV,  MPa 

m 

a 

fine-grained 

fine-grained 

378.3 

467.7 

21.05 

85.2 

2366 

1920 

404.9 

474.7 

mmm 

85.2 

2271 

£9 

m 

358.2 

Hfl 

1175 

1840 

327.6 

Mlfr— 

5.44 

765.9  1 

9 

275 

345 

20 

30 

380 

450 

18 

30 
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RELATION  OF  ACOUSTIC  CHARACTERISTICS  AND  SRUCTURE 
PARAMETERS  OF  FOAM  NICKEL 

Bezimyanniy  Y.G..  Burlachenko  Y.  V. 

I.N .Frantsevich  Institute  for  Problems  of  Material  Science  of  NAS  of  Ukraine,  Kiev,  Ukraine 


The  possibility  of  controlling  of  foam 
metals  structures  using  acoustic  methods  is 
examined  in  this  work.  Specifically  the 
evaluation  of  structure  elements  sizes  and 
degree  of  material  destruction  is  investigated. 

Specimens  of  foam  nickel  with  porosity 
level  95%  consist  of  elementary  cells  has  been 
investigated.  The  elementary  cell  is  a  penetrable 
sphere  composed  by  bridges  combined  with  nodes. 
Bridges  are  represented  by  hollow  prisms  with 
cross-sections  in  the  form  of  triangle  with  concave 
sides. 


Fig.  1 .  The  cross-section  of  a  bridge 

The  spectrum  of  a  signal  passed  through 
a  specimen  of  a  material  been  investigated 
normalized  by  spectrum  of  an  emitted  signal 
can  be  interpreted  as  a  material’s  transitional 
characteristic.  Maximums  of  the  transitional 
characteristic  can  be  associated  with  resonance 
of  a  certain  material’s  structure  elements. 
Therefore  the  possibility  of  a  material’s 
structure  units  sizes  evaluation  by  analysis  of 
the  spectrum  of  an  acoustic  signal  passed 
through  the  pattern  exists. 

Specimens  of  foam  nickel  were 
investigated  by  acoustic  signals  with  ultrasonic 
wavelength  of  such  order  as  a  material’s 
structure  elements  sizes.  This  allows  us  to 
examine  our  patterns  as  a  submesostructure.  In 
this  case  with  acoustic  point  of  view  the 
material  is  a  system  of  bridges  making 
vibration.  So  the  bridge  is  an  expected, 
resonant  element. 

To  calculate  fundamental  frequencies  of 
bridges  the  series  of  measurements  with  a 


microscope  has  been  provided.  As  a  result 
following  situations  of  node’s  and  bridge’s 
sizes  distribution  were  obtained. 


Size,  mm 


Fig. 2.  Node’s  sizes  distribution. 


Fig.3.  Bridge’s  sizes  distribution 


Fundamental  frequencies  for  three  types  of 
bridge’s  sizes  were  calculated:  1)  the  size  of 
bridge;  2)  the  size  of  bridge  measured  from  the 
centers  of  nodes;  3)  the  size  of  bridge  and  two 
nodes  together. 

The  character  of  bridge’s  mutual  orientation 
allow  to  suppose  two  types  of  vibration: 
longitudinal  and  transverse  vibration.  For  the 
theoretical  computation  a  bridge  has  been 
approximated  by  the  bar  and  the  tube  of  triangle 
cross-section  respectively  for  both  types  of 
vibration. 

For  the  case  of  longitudinal  vibration  the 
wave  equation  has  the  following  form  [1]: 

d2u  1  d2u  [E 

— -  =  C=  — .  (l) 

dx 2  c 2  dt 2  V  p 

Here  E  -  the  Yung  module,  p  -  density. 
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The  frequency  equation  for  the  case  of  a  bar 
with  nonftxed  ends  is 

•  0)1  „ 

Sin  —  =  0.  (2) 

C 

Here  1  -  the  length  of  a  bridge. 

The  solution  of  the  frequency  equation  (2)  is 


Comparing  the  values  of  foam  nickel’s 
bridge’s  fundamental  frequencies  calculated 
theoretically  with  frequency  maximums  in  the 
spectrum  of  ultrasonic  signal  passed  through  a 
specimen  verified  the  adequacy  of  the  acoustic 
model  has  been  proposed.  The  results  obtained  in 
the  present  research  allow  us  to  develop  a  methods 
of  foam  metal’s  structure  controlling  on  the 
submezolevel. 


inc 

T’ 


2  n 


•  (3) 


Here  fi  -  fundamental  frequencies  of 
longitudinal  vibration  of  a  bar. 

Expressions  for  the  case  of  transverse 
vibration  are  reduced  below  [1], 

The  wave  equation: 

d*y  1  d2y  El 

dx4  c2  dt2  ’  °  ~  V  pS  W 
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Here  I  -  moment  of  inertia  of  the  cross- 
section  [2];  S  -  the  area  of  the  cross-section  of  a 
bridge. 

The  frequency  equation  and  fundamental 
frequencies  calculation: 

cos klchkl  =1; 


2  n 


In  ' 


(5) 


In  the  experimental  part  of  the  research 
specimens  of  the  foam  nickel  were  disturbed  by 
the  shock  excitation  and  excitation  by  radiopulse 
train.  The  analyses  of  the  experimental  results 
shows  that  a  series  of  typical  frequencies  close  to 
theoretically  calculated  fundamental  frequencies 
of  bridge’s  longitudinal  and  transverse  vibration 
forms  signal’s  passed  through  the  specimen 
spectrum. 

Comparing  of  the  theoretical  and 
experimental  data  shows  that  in  the  case  of 
longitudinal  vibration  the  third  Variant  of  the 
bridge’s  length  measurement  (including  node’s 
sizes)  must  be  used  and  in  the  case  of  transverse 
vibration  -  the  second  one  (the  length  of  a  bridge  is 
measured  between  the  centers  of  nodes). 
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VIBRATION  DAMPING  OF  AIRPLANE  ENGINE  MOUNT 
AND  METAL  FIBROUS  MATERIAL 

Zorin  V.,  Rutkovskiy  A.,  Kriushin  V.,  and  Ivanchuk  A. 

Frantsevich  Institute  for  Problems  of  Materials  Science,  National  Academy  of  Sciences  of  Ukraine, 

Kyiv,  Ukraine 


The  engine  mount  vibration  damping 
(attachment  system)  of  engine  mount  is  provided 
by  specially  built-in  shock  absorbers.  A  shock 
absorber  is  made  in  the  form  of  a  hollow  cylinder 
or  housing  having  a  coaxial  cylindrical  rod  and  a 
number  of  washers  of  flexible  material  within  it. 
With  the  axial  displacement  of  the  housing  and  the 
rod  in  relative  to  each  other  direction,  they  interact 
through  the  compressible  washers,  then  a  portion 
of  the  washers  shall  act  in  one  direction  while  the 
other  portion  shall  act  in  the  reverse  direction 
during  the  rod  travel.  Thus,  the  washers  in  the 
shock  absorber  shall  play  the  role  of  damping 
members  and  the  rubber  shall  be  usual  material  for 
them. 

The  temperature  of  under  cowling  space  of 
nacelle  of  an  up-to-day  airplane,  where  the  engine 
is  mounted,  can  reach  so  high  values  that  rubber 
damping  members  are  needed  to  be  replaced  by 
those  made  of  material  which  shall  provide  the 
desired  level  of  damping  at  high  temperatures  too. 

The  IPMS,  NAS  of  Ukraine  had  designed 
and  produced  experimental  damping  members  of 
metallic  fibers  forming  a  flexible  anisotropic 
structure,  hardly  removable.  The  use  of  metallic 
fibers  has  to  provide  operation  capability  for 
damping  members  at  high  temperature,  power, 
vibration  or  other  differentials. 

Tests  of  a  shock  absorber  with  rubber 
damping  members  and  that  with  metallic  fibers 
were  conducted  independently  for  comparison  of 
characteristics  of  experimental  metal  fiber 
members  and  those  made  of  rubber  being  in 
practice.  Shock  absorbers  together  with 

corresponding  rig  were  located  on  a 
electrodynamic  vibration  table  and  loaded  with 
charges  simulating  those  caused  by  the  airplane 
engine  weight  and  its  torque.  Vibration  pickups 
were  attached  to  the  cylinder  and  rod  along  the 
shock  absorber  axis.  Vibrodamping  amplitude- 
frequency  characteristics  (AFC)  of  both  shock 
absorbers  were  tested  and  recorded  by  both 
pickups  within  the  frequency  range  of  5  to  2000 
Hz  at  the  I  to  15  g  vibration  overcharge 
amplitudes  and  the  0.5  to  2.5  mm  vibration 


displacements.  The  frequency  scanning  was  by  the 
logarithmic  relationship  with  the  1  oct/min 

velocity  up  to  50  Hz  and  0.5  oct/min  above  50  Hz. 

After  the  AFC  were  recorded,  the  same 
conditions  were  used  to  test  both  shock  absorbers 
on  a  vibration  strength  by  frequency  pumping 
technique.  The  frequency  was  varied  by 
logarithmic  relationship  with  the  1  oct/min 

velocity.  The  test  time  was  27  hours  in  total,  the 
total  number  of  vibration  cycles  was  at  least  107. 
The  shock  absorbers  were  fully  dismantled  each  9 
hours  of  vibration  strength  testing  in  order  to 
check  the  surface  conditions  of  their  members. 

The  comparative  table  tests  and  analysis  of 
their  results  provided  conclusion  that  the  vibration 
damping  and  vibration  strength  characteristics  of 
experimental  metallic  fiber  damping  members  as 
developed  by  the  IPMS,  NAS  of  Ukraine  and  used 
in  engine  mount  shock  absorbers,  are  not  inferior 
to  those  of  rubber  damping  members,  and  in 
contrast  to  the  latter,  high  temperature  of  the  space 
under  the  cowling  of  engine  nacelle  can  not  be  a 
restricting  factor  for  the  metal  fibrous  damping 
members. 
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Use  of  an  impact  molding  allows  to  re¬ 
ceive  practically  dense  material  and  at  that  the 
time  of  sintering  is  considerably  abbreviated.  At 
high  energy  impact  on  a  material  the  series  of 
competitive  processes  of  dissipation  of  the  deliv¬ 
ered  energy  take  place.  It's  the  volume  strain  and 
cracking  of  powder  particles,  slipping  particles 
relatively  each  other  with  an  intensive  local  strain 
and  even  by  melting  of  a  material  at  the  field  of 
contact  of  powder  particles,  actuation  of  new 
diffusion  mechanisms,  phases  changes  and  others. 
Setting  structure  and  the  phase  composition  of  a 
material,  temperature  and  magnitude  of  impact 
impulse  it  is  possible  to  control  the  contribution 
from  different  mechanisms  for  dissipation  of  en¬ 
ergy  with  the  purpose  to  optimize  mechanical 
characteristics  and  process  of  powdered  materials 
shrinkage. 

The  present  work  is  devoted  to  analysis 
of  possibility  of  using  of  the  high  energy  hot 
pressing  method  for  obtaining  of  the  Ni  -  Cr  -  AI 
system  cermet  alloys.  The  Ni  -  Cr  -  Al  system  is  a 
conventional  system  for  creation  high  hot 
strength  and  wear-resistant  alloys.  The  Ni  -  Cr  - 
Al  system  is  interesting  to  use  for  analysis  of  ca¬ 
pabilities  of  the  high  energy  hot  pressing  method 
for  obtaining  materials  due  to  preliminary  differ¬ 
ent  degree  sintering  of  clean  component  of  the 
system  allows  to  vary  over  a  wide  range  structure 
and  phase  composition  of  alloy  before  high  en¬ 
ergy  affecting.  It  permits  to  track  out  influence  of 
phases  properties  both  on  process  of  shrinkage, 
and  on  strength  of  contacts  which  arise  between 
cramped  surfaces  of  pores. 

For  preparation  powder  compositions  the 
powder  of  the  electrolytic  nickel  GOST  97-22-74 
with  dispersion  ability  no  more  than  40  microns, 
powder  of  chrome  FIXM  with  dispersion  ability 
less  than  40  microns,  and  also  powder  of  alumi¬ 
num  IIAP  41  with  dispersion  ability  less  than  20 
microns  were  taken. 

From  the  prepared  mixtures  at  room  tem¬ 
perature  and  stress  300  MPa  the  preforms  of  di¬ 
ameter  25  mm  and  height  of  10-13  mm  were 
pressed.  The  preforms  are  located  in  an  evacuated 
chamber  with  stress  0,13  Pa  ,  heated  to  900  - 


1200  °C  and  were  held  out  20  minutes  then  ex¬ 
posed  to  an  impact  molding  in  an  enclosed  matrix 
with  maximal  stress  1000  -  1200  MPa.  The  ele¬ 
mental  composition  of  obtained  alloys  was  insti¬ 
tuted  through  x-ray  fluorescent  spectral  analysis 
on  a  spectrometer  VRA  -  90  (Table  1 ). 

The  table  1 

Physic-mechanical  characteristics  of  Ni-Cr- 
A1  cermet  alloys. 


Ni 

alloy 

Compo¬ 

sition, 

mas.% 

HEHP 

Tempe¬ 

rature,0 

C 

grav¬ 

ity, 

t/cm3 

Poro¬ 

sity, 

% 

Specific 

resis¬ 

tance 

mkOm* 

sm 

1A 

Ni-50,5 

900 

7,66 

3,04 

28,0 

Cr-49.5 

1000 

7,69 

2,65 

99,7 

1100 

7,83 

0,88 

86,4 

1200 

7,90 

0,00. 

101,5 

1200*' 

5,68 

28,1 

216,9 

2A 

Ni-51.3 

900 

7,61 

2,5 

98,8 

Cr-41.7 

1100 

7,75 

0,7 

72,1 

Al-2.0 

1100 

7,55 

3,7 

82,7 

1200 

7,76 

0,6 

102,6 

3A 

Ni-52,0 

900 

7,33 

2,1 

37,4 

Cr-41,7 

pl  000 

^7,23 

2,9 

59,9 

Al-6,3 

1100 

7,43 

0,0 

91,2 

1100* 

5,34 

28,2 

763,0 

4A 

Ni-50,3 

900 

6,82 

5,7 

48,4  1 

Cr-40,2 

1000 

7,01 

3,1 

67,2 

AI-9,5 

1100 

7,08 

2,1 

71,4 

1150 

7,07 

2,2 

88,6 

1200* 

5,28 

27,0 

520,0 

5A 

Ni-42,2 

900.  [ 

6,09 

2,6 

87,9 

Cr-38,5 

1000 

6,15 

1,3 

73,0 

AI-19,5 

1150 

6,32 

0,0 

43,1 

In  the  table  1  temperature  of  high  energy 
hot  pressing  (HEHP)  of  preforms,  and  also  data 
of  measuring  of  their  gravity  and  specific  electric 
resistance  is  introduced.  For  matching  are  cited 
data  obtained  on  samples  gone  off  the  same  heat 
treatment  and  not  subjected  to  high  energy  ardent 
pressing  (sintering). 
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The  magnitude  of  alloys  porosity  after 
sintering  at  1150  -  1200  °C  without  high  energy 
hot  pressing  depends  on  composition  of  alloy  (ta¬ 
ble  1).  In  alloy  1A  sintering  is  solid-phase  and  the 
shrinkage  practically  misses.  The  introducing 
about  2  mas.  %  of  aluminum  (the  alloy  2A)  re¬ 
sults  in  appearance  of  a  liquid  phase  at  sintering 
and  abatement  of  porosity  from  28  %  up  to  3.5  %. 
At  further  magnification  of  the  contents  of  alumi¬ 
num  in  alloy  the  liquid  shrinkage  again  practi¬ 
cally  misses.  As  a  result  of  sintering  samples  of 
alloys  3A  and  4A  (containing  6.3  and  9.5  mas.  % 
A1  accordingly)  even  augmented  in  bulk.  Not 
looking  on  distinction  of  processes  happening  in 
alloys  with  different  composition  during  sinter¬ 
ing,  the  applying  consequent  of  high  energy  hot 
pressing  allows  to  solve  the  problem  of  dense 
materials  obtaining.  The  magnitude  of  tempera¬ 
ture  which  is  needed  for  obtaining  of  100  %  grav¬ 
ity  samples  varies  in  a  spacing  1100  -  1200  °C 
depending  on  composition  of  alloys. 


Temperature  of  HEHP,°C 

Fig.  Fig.  1.  Dependence  of  yield  stress  on  tempera¬ 
ture  of  high  energetic  hot  pressing  of  Ni-Cr-Al  al¬ 
loys 

The  data  of  definition  of  specific  electric 
resistance,  X-ray  and  metallographic  analyses  has 
allowed  to  define  the  phases  composition  of  the 
obtaining  alloys.  At  the  conditions  of  HEHP, 
which  supply  with  obtaining  of  practically  dense 
materials,  solutions  on  the  basis  of  chrome  and 
nickel.  In  3A  and  4A  alloys  intermetallic  com¬ 
pound  NiAl  are  formed  as  well.  5A  alloy  contents 
the  solid  solutions  on  the  basis  of  chrome  and 
intermetallic  compound. 


The  data  of  definition  of  specific  electric 
resistance.  X-ray  and  metallographic  analyses  has 
allowed  to  define  the  phases  composition  of  the 
obtaining  alloys.  At  the  conditions  of  HEHP, 
which  supply  with  obtaining  of  practically  dense 
materials,  phase  content  of  1A  and  2A  alloys  is 
two  solid  solutions  on  the  basis  of  chrome  and 
nickel.  In  3A  and  4A  alloys  intermetallic  com¬ 
pound  NiAl  are  formed  as  well.  5A  alloy  contents 
the  solid  solutions  on  the  basis  of  chrome  and 
intermetallic  compound  NiAl. 


Table  2.  Hardness,  endurance  and  friction  coeffi¬ 
cient  of  Ni-Cr-Al  alloys  getting  by  high  energetic 
hot  pressing _ _ _ _ 


Alloy, 

# 

tempe¬ 

rature, 

°C 

Hard¬ 

ness, 

HRC 

Endu¬ 

rance, 

Mkm/km 

friction 

coef¬ 

ficient 

1A 

1200 

16 

120 

0,28 

2A 

1200 

20,3 

104 

0,30 

3A 

1100 

36,4 

20 

0,26 

4A 

1150 

46 

12 

0,20 

5A 

1150 

48 

4 

0,18 

Strength  properties  and  the  endurance  of 
obtained  alloys  is  determined  by  a  proportion  of 
phases  components  and  condition  of  materials 
getting.  With  magnification  of  HEHP  temperature 
compression  yield  strength  (fig.l)  and  stress  of 
bending  failure  (fig.2)  grow.  The  HEHP  at  1200 
°C  gives  growth  of  grains  and  so  some  decrease 
of  strength.  The  introducing  of  aluminum  slashes 
plasticity  of  a  material.  By  growth  of  the  contents 
of  aluminum  strength  properties  at  compression 
test  are  increased,  but  bending  properties  are 
slashed.  The  endurance  is  decreased  with  magni¬ 
fication  of  the  contents  of  an  intermetallic  phase 
(table  2). 
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INTRODUCTION 

High  physico-mechanical  properties 
intrinsic  to  nickel-aluminium  materials  make  them 
rather  promising  for  manufacture  of  the  heat 
loaded  parts  of  gas  turbine  and  a  number  of  other 
components  used  in  modern  engineering. 
Intermetallic  NiAl  compound  has  a  number  of 
advantages  important  for  aerospace  engineering 
due  to  its  high  melting  point  (1640°C),  high 
thermal  conductivity,  low  density  of  5,95gm/cc 
which  is  approximately  2/3  those  of  state-of-the  art 
nickel  base  superalloys  and  high  resistance  to 
oxidation  [1],  Improvement  of  its  mechanical 
properties  may  be  achieved  through  its 
microalloying,  which  affects  the  level  of  structure 
perfection  and  morphology  of  eutectic 
compositions  and  allows  to  develop  a  number  of 
composite  eutectic  alloyed  materials  with  high 
mechanical  characteristics.  However,  increase  of 
ductility  and  high-temperature  strength  of  nickel 
aluminides  still  remains  a  topical  problem.  Some 
projects  of  the  National  Aerospace  Plane  (NASP) 
and  The  High  Speed  Civil  Transport  (HSCT)  [2-8] 
were  dedicated  to  investigation  of  nickel 
aluminides.  Ternary  Ni-Al-Re  alloys,  which 
produce  eutectic  two-phase  (3-NiAl+y-Re  systems, 
are  of  interest,  because  the  provide  a  possibility  to 
achieve  a  successful  combination  of  strength 
properties  characteristic  to  intermetallic  NiAl 
compound  and  to  rhenium  [1],  The  Ni-Al-Re 
system  was  partially  studied  previously  in  [9], 
There  were  studied  the  phase  equilibrium  states  in 
the  area  of  rhenium  content  from  0.1  to  33  at.% 
and  the  liquidus  surface  of  state  diagram  of  the  Ni- 
Al-Re  system  was  built  in  the  plane  of  the  triangle 
of  concentrations.  In  was  shown  that  introduction 
of  rhenium  dopes  into  nickel  super-alloys  allows  to 
reach  an  increase  of  ductility  and  high-temperature 
creep  resistance. 

The  area  under  consideration  is  peculiar  for  its 
rather  wide  range  of  P-NiAl  homogeneity,  which 


allows  to  vary  the  ratio  of  Ni  and  A1 
concentrations  without  any  change  in  phase 
composition  of  the  alloys.  In  this  concern,  the 
objective  of  this  work,  aimed  at  determination  of 
the  area,  where  two-phase  (P-NiAl+y-Re)  alloys 
do  exist  at  crystallization,  and  at  finding  location 
of  the  quasi-binary  sectional  view  within  the  said 
area,  seems  to  be  quite  topical.  Besides,  the  precise 
location  of  the  said  area  at  the  state  diagram  was 
not  found  by  far. 

THE  RESULTS  AND  DISCUSSION 

The  Ni-Al-Re  alloys  were  studied  by  the 
methods  of  differential  thermal  analysis  and 
metallographic  examination.  Aluminium  99.999% 
pure,  nickel,  at  least,  99.9%  pure  and  powdered 
rhenium  99.85%  pure  were  used  as  starting 
materials.  The  alloys  were  prepared  in  the  arc 
furnace  with  a  tungsten  nonconsumable  electrode 
placed  at  a  brass  water-cooled  bottom,  in  the 
atmosphere  of  purified  argon.  The  compositions  of 
the  made  alloys  are  shown  in  Table  1.  The 
differential  thermal  analysis  was  carried  out  in 
corundum  AI203  crucibles  using  the  thermal 
analyser  VDTA-3  with  symmetrical  placement  of 
thermocouples.  The  rate  of  heating  and  cooling 
was  60  degrees/minute.  The  X-ray  phase  analysis 
was  done  in  Cu  K«  rays  using  the  diffractometer 
DRON  2.0.  The  structures  of  alloys  were  studied 
by  methods  of  optical  and  electronic  spectroscopy 
using  microscopes  Neophot-32  and  JSXA-733. 

The  chemical  composition  of  phases  was 
determined  using  the  electron  probe  X-ray 
analysis.  The  metallographic  examination  of  the 
alloys  falling  on  the  equiatomic  NiAl-Re  section  of 
the  ternary  fusibility  curve  of  Ni-Al-Re  system  has 
shown  that  the  alloy  structure  successively 
changes  with  Re  content  increase  from  a  typical 
solid  solution  to  a  pre-eutectic-eutectic  and 
eutectic  structure. 
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Table  1 .  Composition  of  alloys 


Content  of  elements,  at,  % 

Ni:AI 

Ni 

Al 

Re 

Structure 

1:1 

50.00 

50.00 

. 

Nominal 

1:1 

49.90 

49.90 

0.2 

Solid,  sol. 

1:1 

49.00 

49.00 

2.0 

Before  eutectic 

1:1 

48.75 

48.75 

2.5 

Binary. 

eutectic. 

1:1 

48.00 

48.00 

4.0 

After  eutectic 

1:1 

47.00 

47.00 

6.0 

After  eutectic 

1:1 

43.00 

43.00 

14 

After  eutectic 

4  Ni 

50.50 

46.50 

3.0 

After  eutectic 

4  Al 

46.50 

50.50 

3.0 

After  eutectic 

8  Al 

44.50 

52.50 

3.0 

Temery 

eutectic 

12  Al 

42.50 

54.50 

3.0 

Ternery 

eutectic 

The  metallographic  examination  has 
shown  that  metal  matrix  in  the  eutectic  state  is  a 
solid  NiAl  solution,  which  contains  0.2  at.  %  of 
rhenium,  where  rhenium  leads  eutectic 
crystallization  and  creates  a  frame  with  about 
0.2  at.%  of  NiAl  dissolved  inside.  The  area  of 
eutectic  inside  an  alloy  increases  with  Re 
concentration  increase.  At  Re  content  of  2  at.% 
first  crystals  of  refractory  rhenium  y-phase 
appear. 

According  to  DTA  data,  eutectics  in  all  the 
alloys  of  NiAl-Re  section  melt  at  the  constant 
temperature  equal  to  1665°C.  Results  of 
metallographic  examination  allow  to  discern  the 
range  of  alloy  compositions  (2-2.5  at.%  of  Re), 
where  eutectic  should  exist.  The  eutectic 
structure  of  (NiAl+Re)  alloys  may  be  classified  as 
an  anomalous.  The  detailed  morphology  study  of 
the  eutectic  colony  using  the  scanning  electron 
microscope  allowed  to  find  out  that  it  has  a  fibred 
structure. 

The  study  of  the  microstructure  of  alloys 
at  different  values  of  Re/AI  ratio  allowed  to 
determine  the  width  (from  46  at.  to  53  at.%  of 
NiAl)  of  the  area  of  the  two-phase  equilibrium 
between  the  solid  solution  formed  by  Inter- 
metallic  NiAl  compound  (fi-phase)  and  Re 
(y-phase). 


CONCLUSIONS 

It  was  found  that  polythermal  NiAl-Re 
section  of  the  ternary  system  is  quasi-binary. 
Any  deviation  of  compositions  of  the 
monovariant  eutectic  alloys  from  this  section 
results  in  decrease  of  the  eutectic  equilibrium 
temperature.  The  area  of  existence  of  the  two- 
phase  alloys  (P-NiAl+y-Re)  was  found  for 
crystallization  of  the  ternary  Ni-Al-Re  system. 
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Aluminum  nitride  is  challenging  for  using  in 
technology  as  a  basis  for  constructive 
materials  due  to  its  high  specific  modulus  of 
elasticity,  good  strength  properties  and  high 
heat  resistance.  The  major  problem  faced  by 
the  formers  of  ceramic  constructive  materials 
-  increasing  of  fracture  failure  resistance  -  is 
usually  solved  by  creation  of  heterogeneous 
structure  with  considerable  grain  and  phase 
boundary  extension,  effectively  dissipating 
energy  of  the  extending  crack. 

We  worked  out  the  heterophase  material 
AlN-TiN,  in  which  the  matrix  phase  - 
aluminum  nitride— is  reinforced  by  dispersed 
particles  of  titanium  nitride  [1-3],  It  was 
produced  by  hot  pressing  (Iff)  of  charge 
comprising  a  mixture  of  industrial  powders 
of  nitrides  of  furnace  (fs)  and  plasma 
chemical  synthesis  (pcs),  sintering  of 
preforms  in  the  nitride  medium  without 
pressure  impressing  (SN  ),  sintering  of 
composite  powder  AlN-TiN  received  by 
titanium  aluminide  nitriding  (NS),  reaction 
sintering  of  AIN  and  titanium  hydride 
mixtures  in  nitrogen  (RS).  In  the  limits  of 
60-80  %  (mass.)  of  TiN,  the  material 
possesses  high  compression  and  flexural 
strength,  significant  hardness  to  800  °C 
(figure),  fracture  toughness  and  thermal 
resistance  (Table  1  and  2).  The  obtained 
properties  are  conditioned  by  formation  of 

Table  1.  Hardness,  friction  coefficient  and 


wear  of  AIN-Tils 

f-heterophase  materials 

material 

y,  % 

Hv, 

GPa 

f* 

W*, 

(xm/km 

NS 

=  93 

12 

- 

■ 

HP 

=  98 

14 

0,12 

6,0 

SN 

93-97 

12 

0,17 

7,2 

RS 

87 

8 

- 

*P=2  MPa,  v  =16  m/s 


strong  bonds  on  phase  boundary,  high 
density,  structural  homogeneity  and  self¬ 
reinforcement  effect. 

To  improve  the  material’s  properties  and 
increase  their  repeatability,  specialties  of 
formation  of  the  structure  and  bonding  on 
phase  boundary  under  various  conditions  of 
the  material  preparation  and  there  influence 
over  the  properties  were  studied  in  the 
present  work  by  application  of  a  complex  of 
up-to-date  methods. 


Figure.  Dependence  of  hot  pressing  (1)  and 
sintering  (2)  AlN-TiN  materials  hardness  on 
temperature. 


Significant  influence  of  impurities,  in 
particular  of  oxygen,  on  formation  of  strong 
bonding  between  the  phase  components  of 
the  material  and  on  structural 
transformations  in  it  in  the  process  of 
sintering  and  prolonged  high-temperature 
exposure  time  was  revealed.  Formation  of 
the  bonding  at  the  phase  boundary  of  AlN- 
TiN  in  the  process  of  sintering  or  hot 
pressing  is  determined  mostly  by  diffusion  of 
titanium  into  the  near-surface  layers  of  AIN 
particles  forming  finite  solid  solution  of 
replacement  of  aluminum  by  titanium  in  the 
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narrow  edge  area.  It  is  determined  by 
considerable  concentration  of  point  defects 
in  them  in  particular  vacancies  in  the 
aluminum  sublattice  and  impurity  oxygen 
atoms.  Relaxation  of  the  point  defects  results 
in  thickening  of  spinel  phase  layer  with 
soluble  titanium  at  the  phase  boundary  under 
influence  of  electrostatic  forces  and  lattice 
elastic  resistance  forces. 

Eutectic  interaction  at  1830°C  of  spinel  with 
oxide  film,  covering  AIN  particles  due  to 
partial  hydrolysis  of  nitride  in  the  air,  results 
in  appearing  of  a  liquid  phase  at  the 
boundaries  in  the  process  of  sintering  and 
hot  pressing.  The  liquid  phase  activates  mass 
transfer  in  the  process  of  phase  diflusion 
interaction  as  well  as  the  process  of 
densification  of  AlN-TiN  under  sintering 
including  diflusion  enrollment  of  AIN  and 
TiN  grains  with  formation  of  coherent 
boundaries. 

The  latter  mechanism  is  believed  to  be 
responsible  for  binding  oat  phase  boundaries 
when  receiving  heterophase  material  AlN- 
TiN  by  nitriding  of  titanium  aluminide  and  by 
reaction  sintering. 


Table  2.  Compression  and  flexural  strengths 
and  fracture  toughness  of  AlN-TiN 
heterophase  materials 


material 

MPa 

Of, 

MPa 

Of** 

MPa 

K1C, 

MPa.M-1/2 

NS 

1650 

580 

525 

3,4 

HP 

1930 

670 

- 

JA  _ 

SN 

1600 

610 

560 

4,2 

RS 

720 

240 

200 

- 

**after  10  temperature  quick  changes  from 
1200  to  20  °C 


Heterophase  material  strength  is  determined 
-  besides  the  bond  strength  -  by  dispersity 
and  homogeneity  of  phase  aggregate 
distribution  and  grains  morphology.  High 
strength  of  the  materials  (HP  and  SN) 
remaining  after  2.5-hour  heating  at  1950°C 
is  connected  with  dispersed  homogeneous 
structure  in  which  grains  of  one  phase  resist 
growing  of  the  other  phase  grains.  The 


material  (  NS  )  possesses  high  purity  and 
superfine  homogeneous  structure  at  the 
“chemical  mixing”  level.  To  receive  similar 
structure  aluminide  nitriding  should  be 
conducted  at  the  possible  low  temperature. 
It  allows  preserving  distribution  of  nitride¬ 
forming  elements  close  to  that  of  the  phase- 
precursor. 

Evolution  of  the  microstructure  of  AlN-TiN 
materials  received  by  sintering  and  hot 
pressing  of  the  charge  from  industrial 
powders  in  the  process  of  high-temperature 
annealing  is  substantially  determined  by 
influence  of  oxygen  dissolved  in  matrix 
phase  lattice.  It  is  connected  with  poly-type 
transformations  caused  by  segregation  of 
solid  solution  of  substitution  of  nitrogen  by 
oxygen  in  AIN  with  formation  of  lamellar 
and  needle-shaped  crystals,  the  quantity  of 
which  increases  with  the  rising  of  the 
temperature  and  exposure  time.  Separation 
of  anisometric  crystals  in  the  material  favors 
growing  of  its  strength  and  crack  resistance 
due  to  self-reinforcement  effect. 

Analysis  of  the  received  characteristics  of 
strength  and  other  properties  of  the  worked 
out  materials  and  evaluative  costs  allow 
suggesting  (HP)  and  (SN)  as  constructive 
materials  for  using  in  conditions  of  wear, 
considerable  temperature  and  loading,  more 
low  (RS)  material  -  as  refractory  brick  and 
(AS)  -  as  functional  material  with  special 
electric  and  thermal  properties. 
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The  researches  of  influence  of  the  characteris¬ 
tics  of  porous  coverings  and  structures  on  heat 
transfer  at  phase  transformations  of  heat-car¬ 
riers  liquids  are  necessary  for  the  decision  fol¬ 
lowing  urgent  of  thermophysical  tasks  and 
problems:  1)  creation  the  universally  recog¬ 
nized  theory  of  boiling  on  heat  intensive  tech¬ 
nical  surfaces;  2)  finding-out  of  mechanisms 
of  heat  transfer  at  boiling  on  porous  surfaces; 
3)  reception  of  the  formulas  and  dependence 
allowing  to  expect  parameters  of  heat  transfer 
at  phase  transformations  of  liquids  on  porous 
surfaces  in  view  of  the  determining  character¬ 
istics  last.  A  number  of  researches  of  heat 
transfer  at  boiling  on  surfaces  with  porous 
coverings  and  structures  [1,2]  has  shown  that 
except  for  essential  increase  of  intensity  of 
heat  transfer  (10-12  multiple  increases  in  com¬ 
parison  with  smooth  technical  surfaces).  (2-4) 
multiple  increases  limiting  (so-called  critical) 
values  of  a  heat  flux  density  are  also  possible. 
Some  results  of  researches  of  heat  transfer  are 
submitted  at  boiling  water  on  surfaces  with 
metal  fibrous  porous  coverings  and  structures 
created  in  IPMS  of  Ukraine  presented  in  [3], 
Approached  semi-empirical  model  of  heat 
transfer  at  vaporization  in  such  conditions  is 
offered  in  [4],  Within  the  framework  of  pro¬ 
posed  model  was  possible  to  logically  interpret 
complex  influence  of  a  number  of  the  structu¬ 
ral,  geometrical  and  thermophysical  character¬ 
istics  of  porous  coverings  on  intensity  of  heat 
transfer  at  boiling.  Also  may  be  used  the  mod¬ 
eling  of  vaporization  at  the  large  values  of 
density  and  at  the  conditions  of  critical  para¬ 
meters  of  heat  transfer.  As  is  known,  there  is 
so-called  "a  hydrodynamic  theory  of  crises  of 
boiling  ",  stated  in  works  S.S.Kytateladze  [5], 
However  within  the  framework  of  this  theory 
it  is  impossible  to  explain  essential  increase 
limiting  density  of  a  heat  flux  typical  of  porous 


surfaces.  G.F.Smimov  in  [6]  and  S.A.Kovalev 
in  [7]  are  offered  other  mechanisms  of  heat 
process  for  these  conditions.  These  mecha¬ 
nisms  however  still  require  verify  by  experi¬ 
mental  measurement.  By  us,  in  the  present 
work  it  is  offered  to  consider  influence  on  lim¬ 
iting  density  of  heat  flux  at  steam  generation 
(in  particular,  at  boiling)  such  factor,  not  taken 
into  account  in  similar  researches,  as  presence 
of  the  additional  centers  of  steam  generation 
on  fractions  (particles  of  porous  coverings), 
arising  on  some  removal  from  the  basic  sur¬ 
face  of  heating.  It  is  obvious,  that  at  the  large 
sizes  of  density  of  a  heat  flux  the  potential 
centers  of  steam  generation  are  capable  to  be 
made  active  and  to  ensure  additional  (except 
for  the  basic  centers  which  are  taking  place  in 
places  of  contact  of  a  lifting  surface  with  parti¬ 
cles  of  a  porous  covering)  of  a  steam  phase 
generation.  By  development  of  physical  model 
of  the  mechanism  of  generation  pair  at  the  ex¬ 
pense  of  the  additional  (removed)  centers  of  a 
steam  phase  generation  the  following  assump¬ 
tions  simplifying  the  valid  real  process  of  boil¬ 
ing  are  made.  An  assumption  1:  the  separate 
fraction  (in  our  case  -  piece  of  a  fibre)  repre¬ 
sents  the  vertically  located  cylindrical  core  ha¬ 
ving  ideal  contact  to  a  lifting  surface.  The  fol¬ 
lowing  assumption  2:  the  metal  core  is  covered 
with  a  microfilm  of  a  liquid,  which  thickness 
is  constant  on  his  height.  Further  -  3:  the  rou¬ 
ghness  of  a  surface  of  the  cylinder  corrsponds 
to  a  roughness  of  a  lifting  surface.  In  view  of 
the  made  assumptions  by  us  the  temperatures 
on  a  surface  of  a  core  paid  off.  Thus  were  set: 

1)  superfluous  temperatures  at  the  basis  of  a 
core;  2)  physical  characteristics  of  a  core  and 
liquid;  3)  thickness  of  a  microfilm  of  a  liquid 
covering  a  surface  of  a  core  -  edge  and  other 
necessary  parameters.  As  a  first  approxima¬ 
tion,  proceeding  from  a  number  of  known 
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works,  the  thickness  of  a  microfilm  was  equ¬ 
ated  to  thickness  of  a  microlayer  of  a  liquid 
under  bubbles  of  liquids  at  boiling.  Further,  in 
dependence,  basically,  from  high  heat  conduc¬ 
tivity  of  a  core,  the  falls  of  temperature  pres¬ 
sures  on  height  of  a  core  (dependence  paid  off 
are  given  in  the  report).  The  data  of  accounts 
were  compared  to  known  sizes  overheating  of 
a  liquid  [5],  necessary  for  activation  of  the  po¬ 
tential  center  a  steam  phase  generation.  The 
results  of  accounts  are  compared  to  experime¬ 
ntal  data  received  earlier  in  [2,3].  They  are  sat¬ 
isfactorily  coordinated  with  experiment,  con¬ 
firming  that  fact,  that  porous  coverings  and  the 
structures  executed  from  heat  conductivity 
metal  fibres,  provide  essential  (up  to  4  times) 
increase  of  limiting  density  of  a  heat  flux  in 
comparison  with  smooth  technical  surfaces. 
For  real  processes  the  complication  of  a  pic¬ 
ture  of  heat  transfer  takes  place  in  comparison 
with  our  assumptions.  First,  a  number  of  fibres 
not  ideally  contact  to  a  litting  surface.  Sec¬ 
ondly,  the  significant  part  of  fractions  is  in  a 
flux  of  a  liquid.  Thus  boundary  conditions  for 
accounts  of  a  task  of  heat  transfer  change. 
Thirdly,  it  is  necessary  to  take  into  account 
contacts  of  monoparticles  of  a  porous  covering 
to  others  at  particles  that  essentially  compli¬ 
cate  model.  However  our  results  confirm  the 
following  conclusions:  1)  at  steam  phase  gen¬ 
eration  the  occurrence  of  the  additional  centers 
vaporization  on  particles  removed  from  a  lit¬ 
ting  surface,  is  real;  2)  generation  pair  by  such 
additional  centers  in  many  respects  explains 
the  reasons  of  increase  of  limiting  density  of  a 
heat  flux  at  vaporization  on  porous  surfaces. 
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INTRODUCTION 

The  modem  power,  electrothermie,  analytical 
chemistry  etc.  need  of  electroconducting 
materials,  which  can  durable  work  at  high 
temperatures  in  gas  environments  with  high 
oxygen  partial  pressure.  The  unique 
thermodynamic  stable  in  these  conditions  materials 
are  oxide  compounds.  The  high  already  at  room 
temperature  conductivity  can  be  created  at  such 
compounds,  which  contain  oxides  of  metals  with 
variable  valency.  The  beforehand  given  electron  or 
hole  current  carriers  concentration  in  such 
materials  is  possible  to  be  created  applying  so  the 
named  regulation  of  valency  method  [1],  These 
electroconducting  oxide  materials  are  used  wide  as 
fuel  cells  and  other  current  sources  electrodes,  gas 
sensors,  electric  heating  elements  etc.  Mainly  such 
materials  are  doped  rare  earth  manganites, 
cobaltites,  chromites.  Nickelites  are  less 
investigated.  But  they  cause  interests  due  to  their 
metal  type  conductivity  at  increase  temperature. 
The  present  message  is  devoted  to  research  of  their 
electronic  structure  and  electrical  properties. 

RESULTS  AND  DISCUSSION 

The  homologous  lanthanum  nickelites  row  is 
known,  which  composition  can  be  expressed  by  the 
formula: 

La  („  + 1)  Ni  „0  (5n  +3  +  X)/2  [2],  The  index  x  reflects  a 
possibility  of  nickel  valence  increase  with  2+  up  to 
3+,  to  what  is  connected  significant  hole 
conductivity  of  these  substances.  The  number  of 
nickel  atoms  with  increased  valency  depends  on 
conditions  of  synthesis  and  operation  of  a  material. 

Measured  by  us  the  conductivity  temperature 
dependence  of  ceramic  samples  La2NiO  (4  +  ^  , 
La3Ni20  (4  5  +  x/i)  and  La4Ni30  (9  +  x/2)  had  a 
semiconducting  character  in  arrange  of 
temperatures  from  20°C  up  to  (200...  300)  °C  and 
metallic  for  want  of  higher  temperatures.  The 
measurements  were  realized  in  air  atmosphere  by 
the  4-th  contact  method.  Synthesis  of  nickelites 
from  oxides  NiO  and  La203  made  in  air  at  the 
temperature  of  1100  °C.  Ceramic  samples  was 
sintered  in  an  air  at  temperature  1300  °C.  On 
datas  of  XRD-analysis  all  samples  were  single¬ 
phase  and  had  K2  Ni  F4  structure. 


For  want  of  diminution  of  magnitude  La/Ni 
conductivity  decreased  (for  example,  for  want  of 
800°C  -  from  330  up  to  67  Ohm'1  cm1).  For 
stabilization  of  current  carriers  concentration  in  a 
material  by  us  are  synthesized  hetherovalentic 
solid  solutions  of  composition  La  (2.y)Cay  Ni  04.  At 
the  expense  of  substitution  La3+  on  Ca2+  in  a 
material  should  be  fixed  an  equivalent  number  of 
current  carriers  connected  to  emerging  in  the 
lattice  Ni  .  Calcium  doped  lanthanum  nickelite 
ceramic  samples  (for  want  of  y  =  0,4)  conductivity 
was  really  more  than  in  3  times  above,  than  at 
undoped  nickelite.  Temperature  of  transition  from 
semiconducting  conductivity  to  metallic  for  want 
of  it  has  remained  former  (Fig.l). 

For  clarification  of  the  researched  nickelites 
electronic  structure  the  X-ray  spectroscopy 
methods  were  used.  The  emission  fluorescent 
NiLa-,  OKa-  spectra  were  obtained  on  a 
spectrometer  CAPO-1  with  the  copper  anode  and 
crystal-analyzer  RbAP.  These  spectra  resolution 
has  made  ~0,2  eV. 

Researched  nickelites  have  a  K2NiF4-type 
structure.  For  a  comparison  the  NiO  (  structure  of 
type  NaCl)  spectra  are  obtained.  The  availability  of 
Ni-containing  oxygen  octahedrons  is  characteristic 
of  both  structures  types. 

OKa-  spectra  characterize  the  oxygen  p 
(genetically  2p)-  energy  distribution.  NiLa- 
spectra  show  of  valence  ds(genetically  3d4s)  - 
electrons  distribution. 

That  the  Ni4s-  electrons  density  in 
compounds  is  small,  NiLa-spectra  characterize 
practically  in  the  pure  state  Ni3d-electrons 
distribution. 

The  charge  state  of  atoms  is  determined  on  a 
of  spectral  lines  shift. 

The  NiLa-spectra  shape  and  width  in 
La2Ni04  show,  that  this  element  d-states  are 
distributed  in  a  zone  width  about  23  eV.  This  the 
most  intensive  density  of  states  maximum  is  near 
the  zone  ceiling.  The  less  maximum  is  located 
approximately  on  4,5  eV  below  the  main 
maximum.  There  is  a  weak  inflow  in  the 
smallenergy  part  of  the  spectra.  It  means  Nid-states 
presence  in  a  bottom  part  of  the  valence  zone. 
La2Ni04  OKa-spectra  testify  that  the  oxygen  p- 
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states  are  distributed  in  a  band  about  8  eV  width. 
The  main  maximum  of  these  states  distribution  is 
in  a  band's  upper  part.  The  less  intensive 
maximum  adjoins  to  it  on  the  part  of  smaller 
energies. 

The  spectrum  shape  shows  two  types  of 
bonding  Me-0  (rt-  and  a-)  presence. 

In  spectra  of  nickel  and  oxygen  in  La2Ni04 
there  are  common  features  with  spectra  of  the  same 
elements  in  LaNi03  ,wich  has  perovscite  structure 
[3],  It  is  connected  to  availability  in  structures  of 
both  types  Ni-containing  oxygen  octahedrons,  i.e. 
with  preservation  for  Ni  atoms  of  coordination 
number  and  of  the  first  coordination  polyhedron 
structure.  For  atoms  of  oxygen  the  structure  of  the 
first  coordination  polyhedron  (  the  nickel  atoms) 
also  is  the  same. 

The  doping  of  nickelites  by  calcium  changes 
slightly  nickel  and  oxygen  density  of  states  (the 
parity  of  maxima  intensity  is  changed  both  for 
NiLa-  and  OKa-spectra  ).  It  is  accompanied  by  the 
atoms  charge  density  redistribution.  For  want  of 
transition  from  La2N  i04  to  La3Ni2065  and 
La4Ni309  an  electronic  structure  and  charge  state 
of  Ni-  and  O-atoms  also  is  changed.  It  fairly  and 
for  want  of  transition  from  nickelites  to  NiO. 

The  X-ray  spectra  reveal  most  typical 
features  of  these  compounds  valence  zone 
structure.  In  its  upper  subzone  (  width  about  11-12 
eV)  are  concentrated  hybrid  Ni3d-  and  02p-states. 
The  upper  subzone's  XRE-spectra  shape  shows  the 
decomposition  of  Ni3d-states  by  a  crystalline  field 
(states  of  eg-  and  t2g-type).  The  lower  subzone  is 
generated  mainly  subvalent  La5p-  and  028- 
electrons  with  small  impurity  of  Ni3d-electrons. 

The  SW  Xa  -  method  calculation  of  full  and 
partials  dencity  of  states  was  executed  for 
La(2.y)CayNi04  (  y=0;  0.1;  0.2;  0.3  and  0.4  ). 
There  is  good  agreement  with  the  experimental 
data. 

CONCLUSIONS 

1.  Valence  zone  in  lanthanum  nickelites  consists  of 
several  subzones. 

2. Doping  La2Ni04  by  calcium  (  that  increased 
concentration  of  current  carriers  and  diminution  of 
the  La-contents  in  isostructure  nickelites)  result  in 
some  changes  of  the  electronic  structure  and 
charge  on  atoms  . 

3.  The  nickelites  composition  change  (variations  of 
the  ratio  La  /  Ni  )  gives  any  changes  in  their 
electronic  structure  and  in  nickel  and  oxygen 
atoms  charge  states. 


4.There  is  a  large  rebuilding  in  nickelites  valent 
Nid-electrons  distribution  relatively  Ni  metallic. 
The  nickelites  electron  structure  changes  visible 
the  same  of  NiO.  But  nickelites  and  oxide's 
electron  structure  has  also  a  row  of  common 
character  lines. 

5. Of  a  nickel  and  oxigen  atoms  charge  in  nickelites 
differs  from  those  in  NiO. 

6.La2Ni04  electron  structure  may  be  calculated  by 
SW  Xa-method. 


p,  Obnriti 


Fig.  1. Resistivity  of  La(2.y)CayNi04  as  a  function 
temperature:y=0(a);  y=0.1(b);  y=0.2(c);  y=0.3(d). 
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Methods  [1,2,3]  are  known  for  the 
improvement  of  properties  of  powder  and  fiber 
materials.  Improvement  of  structural  and 
hydrodynamic  characteristics  is  achieved  through  a 
non-uniform  porous  structure  created,  for  instance, 
by  the  methods  of  dry  or  wet  powder  and  fiber 
blending,  settling  of  fine  particles  in  sintered  large- 
porous  compacts,  alternating  of  the  charge  of  fibers 
and  that  of  powders  in  a  die  with  subsequent 
pressing  and  vibration  damping.  However,  the 
above  methods  have  disadvantage  because  of 
difficulty  of  making  porous  materials  of  metallic 
fibers  and  powders  having  a  homogenous  porous 
structure  and  large-sized. 

This  paper  describes  peculiarities  of  the 
manufacture  of  porous  sheet  materials  made  of 
metallic  fibers  and  powders,  and  of  their  properties. 
Formation  technique  for  porous  sheet  materials  was 
studied  by  vibration  dispersion  and  settlement  of 
fibers  and  powders  in  layers.  It  was  found  that 
powders  are  able  to  be  introduced  into  a  high- 
porosity  fibrous  preform  through  a  desired  depth. 

A  simple  and  efficient  method  of 
formation  was  developed,  which  allowed 
preparation  of  various  potential  structures: 

■  in  the  form  of  separated  high-porosity 
fiber/powder  layers  settled  in  a  proper 
consequence; 

■  in  the  form  of  high-porosity  fibrous 
frame  filled  with  powder  to  the  desired 
depth. 

Structural  and  hydrodynamic 
characteristics  of  single-layer  and  two-layer 
materials  made  of  fiber/powders  of  stainless  steel 
are  given  below. 

Specimens  of  30  mm  in  diameter  and 
porosity  of  20  to  75  %  were  used  for  study 
Specimens  of  fiber/powder  layers  having  initial 
heights  of  8  and  2  mm,  respectively,  produced  by 
joint  and  separate  sintering  and  pressing  at  1.25  to 
40  MPa,  were  cutting  shaped. 

As  investigations  revealed,  layered 
specimens  were  superior  to  porous  «pure»  fibrous 
fiber  or  powder  materials  in  terms  of  complexity  of 
properties  permeability-pore  size».  Thus,  material 


containing  a  layer  of  50  micron  fibers,  and  a  layer 
of  powder  with  60  to  80  micron  grain  sizes  and  60 
%  porosity,  has  two  times  smaller  pores  in 
comparison  with  a  single-layer  material  of  similar 
fibers,  and  5  times  higher  permeability  in 
comparison  with  a  single-layer  materials  made  of 
similar  powder 

The  porous  fiber/powder  composites  as 
designed  can  include  either  one  or  several  coarse- 
pore  layers;  or  one  or  several  fine-pore  layers.  The 
pore  sizes  in  the  bulk  of  these  materials  can  vary  by 
1  to  2  orders  in  dependence  on  the  ratio  of  fibers 
and  powder  particles.  This  was  supported  by  the 
integral  and  differential  curves  for  the  material 
containing  a  layer  of  fibers  averaging  from  100  to 
45  microns,  and  a  layer  of  powder  of  40  microns 
having  the  9  and  2  microns  maximum  and  mean 
pore  sizes.  The  pore  size  gradient  in  the  bulk  of 
biporous  material  is  10,  proceeding  from  the 
maximum  sizes,  and  22  as  proceeding  from  the 
mean  pore  sizes. 

An  interest  should  also  be  paid  to  the 
investigation  results  of  physical/mechanical 
properties  of  «pure»  fiber,  layered  or  frame-like 
materials  made  of  stainless  steel. 

Rectangular  specimens  measuring  1  to  5  x 
6  mm  and  of  porosity  from  30  to  90  %  produced 
using  the  above  route,  were  used  for  experiments 
Microdeformation  of  the  materials  under  study  was 
examined  by  the  results  of  four-point  bend  testing 
on  the  testing  unit  of  CERAM-type  [5], 

As  revealed  the  test  results,  conductivity 
and  elasticity  of  materials  reduced  with  porosity 
increased.  «Pure»  fiber  materials  then  are  superior 
to  layered  ones  by  electrical  conductivity  and 
elasticity  through  all  the  pore  variation  range, 
whereas  frame-like  materials  are  only  superior  in 
the  high-porosity  region  (over  60  %).  Different 
values  of  electric  conductivity  and  elasticity  of  the 
materials  under  study  are  due  to  peculiarities  of 
densification  process  of  materials,  fibers  and 
powders,  and  to  a  totally  contact  nature  of 
densification,  and  flexible-rigid  mechanism  of 
densification  of  fibers  with  formation  of  multiple 
interfiber  contacts  of  high  performance. 
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Layered  materials  include  a  strong  and 
plastic  fiber  layer  and  rigid  powder  layer,  that 
causes  the  decrease  of  electrical  conductivity  and 
elasticity.  Under  loading,  these  materials  always 
exhibit  the  fracture  of  their  more  rigid  and  less 
plastic  powder  layer. 

In  frame-like  materials,  the  main  load  is 
taken  up  by  the  strong  and  plastic  fiber  frame. 
Therefore,  materials  in  the  form  of  high-porous 
fiber  frame  retaining  thin  working  fiber/powder 
layers  feature  high  permeability  and  plasticity. 
These  materials  are  good  to  produce  efficient 
tubular  filter  elements  of  any  size  through  bending 
and  welding,  of  them.  Materials  in  the  form  of  fully 
filled  fiber  frame  having  porosity  less  than  60  % 
have  higher  rigidity  than  «pure»  fibrous  materials . 

The  studies  resulted  in  the  design  of  sheet 
composite  materials  having  an  efficient  porous 
structure  and  improved  strength  characteristics. 
These  materials  have  potential  for  the  use  in  filters, 
heat  exchangers  of  evaporation-condense  type, 
phase  separators,  noise-  and  sound  absorbers. 
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An  analysis  of  the  literature  [  1  ]  and  our 
investigation  on  the  development  of  antifriction 
materials  [2-4]  show  that  significant 
improvements  of  tribologic  properties  can  be 
obtained  by  using,  as  a  hard  component, 
refractory  compounds  with  a  low  adhesion 
activity.  In  this  respect,  titanium  nitride  is  the 
most  attractive  compound.  Works  on  the 
improvement  of  the  wear  resistance  of  parts  and 
tools  by  application  of  titanium  nitride  coatings, 
that,  in  essence,  serve  for  decreasing  the 
adhesion  interaction  in  the  pair  with  a 
counterbody,  have  long  and  widely  been 
known. 

We  developed  frame  and  matrix-filled 
type  composites  on  the  base  of  titanium  nitride. 

The  physicomechanical  conditions  of 
the  formation  of  the  dense  and  strong  structure 
of  new  powder  composites  with  a  high  wear 
resistance  under  conditions  of  dry  friction  were 
studied. 

The  influence  of  the  ratio  of 
components  in  the  composites  on  their 
physicomechanical  properties  was  investigated. 
The  ranges  of  the  strength  properties  of  these 
materials  (bending  strength  from  700  to 
1150  MPa,  hardness  HRA  from  78  to  87  units) 
and  their  optimum  levels  that  are  890-900  MPa 
and  83-85  units,  respectively,  for  using  in  the 
pair  with  hardened  steels  were  determined. 

The  tribologic  characteristics  of  the 
composites,  namely,  the  friction  coefficient  and 
wear  at  sliding  rates  from  5  to  25  m/s  imder  a 
load  of  1  MPa  in  the  pair  with  hardened  65G 
steel  in  dry  friction  in  air  were  studied  (Fig.  1). 

It  was  established  that  the  frame  type 
materials  prepared  by  the  impregnation  method 
have  the  level  of  tribologic  properties  which  is 
twice  or  trice  that  of  materials  prepared  by 
sintering. 

The  test  results  show  that  the  new 
composites  exhibit  a  high  level  of  the  tribologic 
properties  which  is  an  order  of  magnitude 
higher  than  that  of  familiar  composites  on  the 
base  of  such  refractory  compounds  as  TiC  and 
Cr3C2  . 


The  prepared  materials  can  be 
recommended  for  dry  friction  assemblies  at 
sliding  speeds  from  20  m/s  under  a  load  of  up  to  1 
MPa  inclusive. 


I,  m  km/km 


Fig.  1 .  Dependences  of  the  friction  coefficient  and 
wear  on  the  sliding  speed  of  friction  pairs  under  a 
load  of  1  MPa: 

1  -  [TiN-(60Br010C10-40(Cu-Ni))]  -  65G; 

2  -  [TiN-Ni.,Al]  -  65T. 
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The  lead  telluride  is  a  perspective  semiconductor 
material  for  making  of  thermoelectric  devices, 
which  function  in  an  interval  of  temperatures  from 
room  up  to  900  K  [1].  The  efficiency  of  use  of  a 
material  is  determined  by  opportunities  of 
achievement  of  high  values  of  thermoelectric 
parameters:  a,  a  and  a 2a  [2],  and  also  its  stability 
both  to  thermal  fields,  and  to  atmospheric  gases. 
One  of  probable  ways  of  enriching  of  the 
specified  performances  is  introduction 
geterovalence  of  substitutional  atoms. 

To  attention  there  were  selected  solid  solutions 
(PbTe)i.K  (Gd2Te3)x  of  a  composition  0,0  <  x  < 
0,06,  (PbTe)i.y(Tb2Te3)y  of  a  composition  0,0  <  y 
<  0,10,  and  also  (PbTe)i.z(Eu2Te3)z  of  a 
composition  0,0  <  z  <  0,08.  Synthesis  carried  out 
at  temperatures  1200-1500  K,  .  which  was 
determined  by  the  content  of  an  alloy  and  got  out 
on  the  basis  of  the  analysis  T-x  (y,  z)  phase  charts 
[3,4,5],  Then  samples  gave  in  homonization 
annealing  at  temperatures  750-850K  on  an  extent 
550-600  h.  Is  confirmed,  that  in  system  PbTe- 
Gd2Te3  sideways  lead  telluride  there  are  restricted 
series  of  solid  solutions,  which  depend  on 
temperature  and  have  3, 5-5,5  mol.  %  Gd2Te3  at 
300-1000K  accordingly.  Thus  small  contents 
Gd2Te3  (up  to  2  mol.  %)  causes  sharp  decrease  of 
a  direct-current  conductivity  (a)  both  thermal 
conductivity  (x)  and  ascending  of  coefficient 
thermal  electromotive  force  (a).  It  also  gives  in 
ascending  thermoelectric  power  (a2a)  and 
thermoelectric  quality  factor  (Z)  (fig.  a).  In  a  solid 
solution  PbTe-Tb2Te3  the  addition  Tb2Te3  to  PbTe 
essentially  variates  an  electrical  conductivity  (a), 
coefficient  thermal  electromotive  force  (a)  and 
thermal  conductivity  (x):  the  thermal  conductivity 
monotonously  decreases,  and  electrical 
conductivity  and  coefficient  thermal  electromotive 


force  are  unmonotonously  variate.  Such  doping 
Tb2Te3  gives  in  ascending  thermoelectric  power 
(a2a)  and  thermoelectric  quality  factor  (Z)  (fig. 
b).  Lead  telluride  with  europium  telluride  Eu2Te3, 
according  to  results  of  operations  [8],  forms 
restricted  series  of  solid  solutions.  At  1123  K  at 
solid  solutions  the  concentration  of  Eu2Te3  is  6 
mol.  %  and  at  decrease  of  temperature  to  room 
smoothly  decreases  up  to  5  mol.  %.  With 
augmentation  of  contents  of  europium  telluride  in 
a  solid  solution  (PbTe)i.x(Eu2Te3)x,  in  boundaries 
of  homogenity  field,  have  decrease  of  a  thermal 
conductivity  (x).  A  direct-current  conductivity 
(a),  and  coefficient  thermal  electromotive  force 

(а)  are  unmonotonously  variates  with  a 
composition.  Note,  that  the  inappreciable  doping 
lead  telluride  by  Eu2Te3  gives  in  ascending 
thermoelectric  power  (a2a)  and  thermoelectric 
quality  factor  (Z)  (fig.  c). 

By  methods  of  crystallochemistry  is  analysed 
defect  status  of  the  basic  matrix  PbTe  in  solid 
solutions  PbTe-Gd2Te3,  PbTe-Tb2Te3,  PbTe- 
Eu2Te3.  Taking  into  account,  that  nuclear  radiuses 

[б]  of  piAKicH03eMejibHHX  elements,  which  close 
to  lead  nuclear  radius,  it  is  possible  to  assume, 
that  the  atoms  of  pi;uvicHO'3eMe/ihHnx  elements 
substitute  octahedron  hollow  of  lead  in  lead 
telluride  p-type.  That  is  the  mechanism  of 
replacement  is  implemented  which  is 
implemented  by  the  equation: 

(\-x)[(PblfiV;)nTe*t  +2{3h]  +  x[(R2liV;'l2)PbTe;j- 

[ Pb0-P)0-x)R\xV\x+p(\-x) ]pb  Ten  +  [2P(\  -x)  +  jx] 
? 

Where  b  -  diversion  from  stechiometry,  and  R  — 
atoms  of  Gd,  Tb,  or  Eu. 
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cOj-IO6, 

Bt-K'W  a  ZIO'.K'1 


cfa-lO6, 

BtK'2cm'’  <  c  Z-104,  K'1 


Optimum  values  of  a  thermoelectric  quality  factor 
(Z=  1 1 ,64- 1 0"4  K1,  Z=2,6510'4  K'\  Z=  1,296- 1  O'4 
K' )  have  solid  solutions  of  the  relevant 
compositions  (PbTe)0,96(Gd2Te3)0,04, 

(PbTe)o,99(Tb2Te3)o,oi,  (PbTe)o,96(Eu2Te3)0,o4. 


a2a- 1 06, 

Bt  K  2  cm  '  bb  Z-104,  K'1 


Figure.  Concentration  dependence  of 
thermoelectric  power  </cr(  1)  and  thermoelectric 
effectivity  Z  (2)  from  content  of  doped  admixture 
on  solid  solution  PbTe-Gd2Te}  (a),  PbTe-Tb:Te} 
(b),  PbTe-Eu2Te3  (c). 
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Introduction 

The  Cu-Zr  liquid  alloys  over  a  range  of  25-75 
at.  %  Zr  can  be  transfonned  into  a  glassy  state. 
This  ability  make  them  one  of  the  basic  systems 
for  obtaining  a  new  class  of  advanced  materials, 
which  possess  a  high  electrical  conductivity, 
ferromagnetism,  superconductivity. 

The  Cu-Zr  alloys  can  be  considered  as  the 
oxide  dispersion  alloys  (fine  dispersion  of  Zr02  in 
copper  matrix).  Such  material  exhibits  a 
combination  of  high  electrical  and  thermal 
conductivity,  good  mechanical  properties,  stability 
of  microstructure  at  high  temperature. 

Due  to  Shape  Memory  Effect  discovered  in  an 
equiatomic  alloy  a  class  of  smart  materials, 
displayed  the  unusual  physical-mechanical 
properties  at  various  temperatures  can  be 
developed. 

The  Cu-Zr  alloys  are  used  in  electrical  and 
electronic  applications  where  conductivity, 
strength  and  formability  are  requied. 

Literature  Data 

The  literature  data  up  to  1988  are  given  in  the 
review  by  [1]  and  up  to  1991  by  [2],  Subsequently 
the  Cu-Zr  system  phase  equilibria  were  studied  by 
several  techniques  and  for  different  composition 
ranges  and  temperature.  The  following 
intermetallic  compounds  of  the  system  are  fairly 
well  established:  ZrI4Cu5i,  Zr3Cu3,  Zr7Cuio,  ZrCu 
and  Zr2Cu.  No  one  of  them  has  a  homogeneity 
range.  Data  as  to  stoichiometry  of  some 
intermetallic  compounds  were  not  agreed. 

The  copper  rich  phase  is  formed  in  the  diffusion 
zone  after  annealing  at  704°C  for  20  h  is  ZrCu4, 
that  was  estimated  by  EPMA  and  X-ray  studies 

[3]. 

For  the  compound  richest  in  copper  a  ZrCus 
formula  was  proposed  by  [4]  and  [5]  based  both 
on  their  own  data  that  were  obtained  by  SAD  and 
energy  dispersive  spectrometry  and  STEM,  EDX 
methods,  respectively,  and  on  [6]  data.  The 
stoichiometry  ZrCu5  was  accepted  by  [2]  in  their 
thermodynamic  assessment. 

The  vast  DTA  data  in  [7]  match  certain  elements 
of  phase  equilibria  determined  in  [8]  and  certain 
elements  of  the  Cu-Zr  phase  diagram  version 
presented  in  [1], 


[7]  data  supported  those  of  [8]  as  to  existence  of 
two  modifications  of  Zr2Cu  compound  and  of  a 
phase  formed  by  a  peritectic  reaction  in  the  63-70 
at.  %  Cu  composition  range. 

[9]  determined  the  critical  temperatures  of 
martensitic  transformation  of  the  ZrCu  equiatomic 
phase  and  crystal  structure  of  its  high  and  low 
temperature  modifications. 

[10]  found  that  ZrCu  being  annealed  at  550°C 
decomposed  into  two  phases,  Zr7Cu|0  and  Zr2Cu. 

[11]  reviewed  the  values  for  enthalpies  of 
formation  of  the  Cu-Zr  intermetallic  compounds 
obtained  early  by  high-temperature  direct 
synthesis  calorimetry. 

Basing  on  the  old  versions  of  the  Cu-Zr  system 
the  thermodynamic  data  were  obtained  for  the 
compositions  which  were  attributed  to  the 
stoichiometry  of  the  Cu-Zr  intermetallic 
compounds  known  that  time.  However  there  was 
much  confusion  regarding  their  compositions.  In 
case  of  calorimetry,  data  obtained  in  experiment 
can  characterize  the  alloy,  that  is  why  they  are 
valid  and  will  be  shown  here. 

The  last  thermodynamic  description  of  the  Cu-Zr 
system  [2]  considered  the  following  formulas: 
Cu5Zr,  Cu5jZri4,  CugZr3,  CuioZr7,  CuZr  and 
Cu2Zr. 

Solid  Phases 

The  assessment  of  the  Cu-Zr  system  made  by  us 
covers  the  data  appeared  in  literature  after  1 989. 

[7]  inferred  from  the  analysis  of  DTA  experiments 
that  another  phase  is  stable  between  Zr3Cug  and 
Zr7Cuio  and  in  the  960-9 15°C  temperature  range. 
It  can  be  Zr13Cu24  or  ZrCu2  phases  suggested  by 

[8] .  Zri3Cu24  is  accepted  as  this  phase  is  in  a 
structural  conformity  with  other  phases  of  the  Cu- 
Zr  system. 

[7]  confirmed  [1]  as  to  congruent  melting  of  the 
ZrCu  equiatomic  phase. 

[10]  determined  that  the  equiatomic  alloy  being 
annealed  at  550°C  for  24  h  and  quenched  into 
liquid  nitrogen  exhibited  two  phase  structure: 
Zr7Cuio  and  Zr2Cu.  The  ration  of  Zr7Cui0  to  Zr2Cu 
estimated  by  TEM  is  about  2. 

According  to  [8]  and  [9]  ZrCu  undergoes 
martensitic  transformation  at  ~140°C.  The  high 
temperature  phase  with  cubic  of  CsCl  type  crystal 
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structure  exists  above  this  temperature  and 
according  to  [9]  is  preserved  at  room  temperature 
in  cast  alloy.  The  crystal  structure  of  the  products 
of  martensitic  transformation  is  monoclinic.  So  on 
a  rapid  cooling  of  the  equiatomic  alloy  the 
eutectoid  decomposition  is  suppressed. 

[7]  confirmed  the  data  obtained  by  [8]  on  the 
transformation  of  the  Zr2Cu  phase  and  determined 
its  temperature  close  to  960°C. 

Phase  Equilibria 

[8]  made  more  occurate  liquidus  in  the  ZrCu 
system  in  the  6-80  at.  %  Zr  range  and  therefore 
the  compositions  of  liquid  phase  in  invariant 
reaction  were  made  more  accurate  too.  The 
decomposition  of  ZrCu  was  found  in  [7]  to  occur 
at  temperature  somewhat  higher  than  that  assessed 
in  [1],  725°C. 

Thermodynamics 

Enthalpies  of  formation  of  the  intermetallic 
compounds  and  some  alloys  of  the  Cu-Zr  system 
determined  by  solution  calorimetry  were 
considered. 

The  partial  molar  enthalpies  of  mixing  of  the 
overcooled  liquid  zirconium  at  infinite  dilution 
and  enthalpies  of  mixing  of  liquid  alloys  are 
listed. 

It  may  be  drawn  the  following  from  the  analysis 
of  these  data: 

!  the  values  of  and.mH,  obtained  by  the  same 
researches  in  different  studies  are  in  conformity 
with  each  other; 

!  discrepancies  in  these  values,  obtained  by 
different  researches  exceed  the  errors,  pointed  out; 

!  the  value  of  enthalpy  of  mixing  depends  on 
temperature; 

!  the  minimum  of.mH  is  displaced  to  copper 
and  is  observed  at  xz,  =  0.45  .  0.50,  as  it 
follows  from  the  majovity  of  works. 

Activities  of  the  components  in  the  Cu-Zr 
liquid  alloys  were  measured  by  the  Knudsen 
effussion  method. 

Miscellaneous 

The  liquid  Cu-Zr  alloys  over  a  wide 
concentration  range  can  be  amorphizided  by  rapid 
quenching.  The  enthalpies  of  formation  of  the  Cu- 
Zr  amorphous  alloys,  obtained  by  a  solution 


calorimetry  method  in  liquid  aluminium  are 
considered. 
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THE  ESTIMATION  OF  THE  DEPENDENCE  OF  TWO  PHASE  CERAMICS 
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PROPERTIES  OF  ITS  COMPONENTS 
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The  results  of  the  theoretical  investigations  of  the 
dependence  of  two-phase  composite  fracture 
toughness  (KiC)  on  the  volume  fractions  and 
mechanical  properties  of  both  components  (fracture 
toughness  of  each  phase  sintered  alone,  theoretical 
strength.  Plasticity)  as  well  as  grain  sizes  of  matrix 
and  inclusion  are  represented  in  this  work. 

The  foundation  of  the  reviewed  model  consists  of 
followed  basic  hypotheses  and  assumptions: 

1 .  The  length  of  the  investigated  crack  front 
is  far  more  then  the  average  grain  size. 

2.  The  process  of  the  crack  propagation  is 
discussed  in  terms  of  quasi-brittle 
destruction  (1). 

3.  It  is  considered  that  the  crack  front  may 
bend  only  on  the  plane  which  is 
perpendicular  to  the  crack  moving 
direction. 

4.  The  presence  of  strong  chemical 
connections  between  grains  of  different 
phases  is  also  considered. 

5.  All  the  grains  are  equal  exist 
polyhedrons. 

6.  All  the  crack  tip  sectors  begin  their 
motion  simultaneously. 

The  value  of  the  stress  intensity  coefficient  needed 
for  the  crack  tip  advancement  is  estimated  as  an 
average  value  of  all  the  local  coefficients  needed  for 
the  motion  of  different  sectors  passing  through  grains 
of  different  phases.  It  is  taken  into  consideration  that 
the  evaluation  of  each  local  coefficient  depends  not 
only  on  properties  of  the  grain  being  passed  by  the 
specific  crack  tip  sector,  but  also  on  those  of  its 
closer  neighborhood.  The  volume  fractions  of  the 
grains  of  each  phase  restricted  with  different  contact 
surfaces  are  calculated  using  formulas  obtaining  in 
(2).  It  is  also  appreciated  that  under  some 
circumstances  (shown  in  the  report)  the  crack  tip 
sector  moving  to  the  stronger  grain  (the  reference  is 
to  so  called  theoretical  strength  which  may  be 
estimated  as  0,1E)  may  scert  this  grain.  The 
estimation  of  local  values  of  critical  stress  intensity 
coefficients  is  carried  out  using  generalized  energy 
G-riffits’  criterium. 


So  the  crack  tip  is  considered  to  be  a  line 
consisting  of  recliner  sectors  passing  through 
the  weaker  phase  and  bent  sectors  in  places  of 
skirting  of  stronger  phase  grains. 

The  result  of  the  investigations  is  the  analytical 
formula  of  the  dependence  of  critical  stress 
intensity  coefficient  .Kic  of  a  composite 
material  obtained  with  powder  metallurgy 
methods  on  physical  and  mechanical  properties 
and  volume  fractions  of  its  components. 

It  is  pointed  that  this  formula  may  be  used  to 
estimate  the  fracture  toughness  of  cermets, 
being  obtained  in  presence  of  liquid  phase  but 
in  this  case  the  model  should  be  developed. 

In  conclusion  the  model  is  used  to  evaluate  the 
fracture  toughness  dependence  in  such  private 
cases: 

•  The  improvement  of  the  material 
with  the  involving  chemical 
interaction  leading  to  ideal  gluing 
of  grains  of  different  phases.  In 
this  case  mechanical  properties  of 
the  phases  are  considered  to  be 
identical. 

•  The  improvement  of  the  composite 
is  connected  not  only  with  the 
chemical  interaction  (as  in  the 
previous  case)  but  also  with  the 
difference  in  mechanical 
properties  of  its  components:KiCi= 
KiC2,  Oc2>  am  • 

The  analysis  of  the  obtained  regularities  allows 
to  make  the  next  conclusions: 

1.  Fracture  toughness  -  composition 
dependence  (when  the  chemical  interaction 
between  different  phases  takes  place)  has  an 
external  character. 

2.  Suitable  choosing  of  mechanical 
properties  makes  the  introduction  of  the  second 
phase  considerably  more  efficient. 

3.  The  optimal  second  phase  fraction 
as  the  maximum  fracture  toughness  value 
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depends  on  the  inclusion-matrix  grain  size  ratio. 
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Space  and  supersonic  velocities,  gigantic 
overloads,  aerodynamic  heating,  pressure  of 
kilometers  of  water  thickness,  influence  of 
aggressive  media  and  nuclear  radiation  -  such  are 
the  conditions  under  which  have  to  operate  optical 
and  radiotechnical  systems,  devices  and 
machinery.  The  elements  of  construction  optics 
are  to  provide  for  their  normal  functioning  as  well 
as  for  the  work  of  people  under  these  severe 
extremal  conditions. 

One  of  the  basic  materials,  widely  used  in 
elements  of  construction  optics  is  the  high- 
strength,  heat-resistant  glassy  material. 

Arising  from  conditions  of  operation  glass  as  a 
construction  material  should  provide  for: 

-  high  resistance  to  mechanical  and  thermal  loads; 

-  stability  to  the  influence  of  aggressive  media, 
physical  fields  and  other  extremal  conditions; 

-  functioning  of  products  at  high  temperatures; 

-  preset  spectral  and  optical  characteristics; 

-  stability  of  properties  within  the  whole  range  of 
working  temperatures. 

These  characteristics  are  necessary  for  safe  work 
of  people  and  equipment  under  severe  operation 
conditions. 

Thus,  the  glass  should  have  a  complex  of  features, 
namely,  high  heat-resistance  and  strength  together 
with  the  given  spectral  and  optical  characteristics 
and  their  stability  under  operating  conditions. 

This  work  presents  the  results  of  complex 
research  in  synthesis  of  heat-resistent  colourless 
and  coloured  glasses  and  technology  of  their 
production. 

The  created  materials  are  intended  for  load- 
bearing  glazing  of  pilot  cabins  for  flying 
apparatus  with  working  temperature  up  to  700  K, 
strength  up  to  300  MPa,  heat-resistance  450  K. 
They  practically  do  not  change  their  transparence 
at  gamma-irradiation  with  doses  up  to  10  x 
6  Roentgen. 

High-strength  glasses  found  their  application  in 
observation  or  sight  glasses  and  level  indicators  of 


liquid  in  boilers,  vessels  and  apparatus,  operating  at 
high  pressure  up  to  30  MPa. 

Heat-resistant  glasses  of  special  strength  are  used  in 
sea  craft,  in  particular,  in  under-water  lamps  as 
protective  covers.  Such  glasses  have  improved 
chemical  stability  and  high  thermal  resistance.  The 
manufactured  products  are  functioning  in  sea  water 
at  working  pressure  up  to  60  MPa. 

One  of  the  perspective  construction  and 
fundamental  materials  is  the  glassceramic  or 
piroceramic  material  (sitall)  with  ultra-low 
temperature  coefficient  of  linear  elongation  with  the 
order  of  0.3-0.5xl0'7K"',  with  working  temperature 
up  to  1000  K.  This  material  is  used  in  laser 
gyroscopes  of  navigation  systems  and  can  be  also 
used  for  high-temperature  glazing  of  flying 
apparatus. 

The  heat-resistant  colour  glasses  are  widely  used  in 
aviation  and  aero-space  equipment  as  products  for 
light  signals,  in  particular,  as  air-borne 
aeronavigation  lights  and  inside-cabin  indicators.  In 
the  field  of  production  of  coloured  heat-resistant 
glasses  main  attention  is  paid  to  receive  light- 
technical  characteristics  that  provide  for  the 
increase  in  distance  of  signal  observation.  This 
presumes  the  development  of  glass  materials  with 
high  brightness,  good  contrast  and  coordinates  of 
colouring,  cor-  responding  to  the  international 
system  IKAO. 

The  materials,  developed  by  us,  do  not  yield  in  their 
features  to  materials  produced  by  the  leading  world 
glass  firms,  such  as:  Corning  Glass,  USA;  Schott, 
Germany;  Nippon  Electric  Glass,  Japan;  Kovaler, 
Czechia;  etc. 

The  developed  materials,  technologies  and  received 
on  their  basis  glass  products  found  wide  application 
in  many  fields  of  contemporaiy  engineering.  Glass 
products  are  used  at  space  station  MIR,  spacecraft 
SALUT,  spacecraft  of  multiple  use  BURAN, 
aircraft  AN-72,  IL-96,  TU-204,  TU-334,  etc,  in 
apparatus  used  in  the  regions  of  the  world  ocean, 
that  allow  to  dive  to  the  depth  of  8  000  m,  in  power 
equipment,  in  automobile  and  railway  transport,  as 
well  as  in  the  equipment  for  rated  airports. 
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Presented  is  method  for  the  improvement  of 
corrosion  resistance  and  passivation  ability  of  the 
selected  alloys  by  alloying  them  with  anodic 
additions.  The  mechanisms  for  improving 
passivability  and  corrosion  resistance  of  alloys  by 
anodic  additions  were  previously  proposed  [1], 
The  main  purpose  of  the  present  work  is  to  study 
the  wear  and  corrosion  resistance  of  high- 
chromium  and  high-strength  aluminum  alloys  that 
are  additionally  alloyed  with  small  additions  of 
selective  electronegative  metals,  under  different 
extreme  corrosion  conditions. 

The  voltammetric,  chronopotentiometric, 
gravimetric  methods,  scanning  microscopy, 
Auger-electron  spectroscopy  and  X-ray 
microprobe  analysis  were  used.  It  was  shown  that 
the  passivation  potential,  Ep,  critical  passivation 
current,  icr,  and  the  current  of  passive  dissolution 
of  alloys,  ip,  in  sulphuric  acid  solutions,  aerated 
and  deaerated  by  argon,  decrease  pronouncedly 
when  alloying  the  high  purity  and  commercial  Cr- 
Fe  alloys  containing  from  16  to  60  of  wt.  %  Cr 
with  small  additions  of  aluminum  and  some  d- 
transition  metals.  The  additions  of  Al,  La,  and  Sc 
also  increase  the  passivability  and  corrosion 
resistance  of  the  Cr-Fe  alloys  in  dilute  NaCl 
solutions  under  aerated  conditions.  High 
resistance  to  pitting  and  intergranular  corrosion 
was  exhibited  by  rolled  and  annealed  Cr-Fe-Al 
commercial  alloys  in  aerated  3  %  NaCl  as  well  in 
2  M  HCIO4  +  1  M  NaCl  solutions  [2],  Similarly, 
cast  and  hardened  commercial  alloys,  containing 
more  than  27  %  Cr,  exhibited  a  high  corrosion 
resistance  and  ability  to  passivate  in  aerated  0.5  M 
H2SO4  solution  during  a  wear  test  under 
conditions  of  extrusion  processing  of  polymers 
[3].  In  both  cases  alloying  by  aluminum  with  a 
small  addition  of  La  or  Sc  increased  the 
passivability  of  the  high-chromium  alloys.  Also, 
annealed  commercial  Cr-Fe-Al  alloys  containing 
less  than  60%  Cr  exhibited  high  hardness  and 
wear  resistance  in  contact  with  SFD  SV 


composite  polymer  at  temperatures  of  60  to 
100°C. 

According  to  our  published  data  [3],  the  annealed 
alloys  containing  more  than  40%  of  Cr  are  highly 
competitive  in  wear  resistance  with  well-known 
hard  facing  wear  resistant  materials  of  type 
XN80C4P4  and  PC-12NVK-0.I  used  as  reference 
samples  under  these  extreme  conditions.  Actually, 
the  wear  resistance  of  the  alloys,  (g  h1),  in 
tribological  couples  with  the  SFD  SV  composite 
polymer  is:  0.0109  for  XN80C4P4;  0.0083  for 
PC-12NVK-0.1;  0.0110  for  Cr27A15;  0.0094  for 
Cr40A12;  0.0079  for  Cr45A14;  and  0.0037  for 
Cr60A12.  Consequently,  annealed  commercial  Cr- 
Fe-Al  alloys  containing  more  40%  of  Cr  that  are 
alloyed  by  anodic  additions  can  be  used 
successfully  in  practice  under  these  extreme 
conditions.  Their  wear  resistance  exceeds  that  of 
XN80C4P4  and  PC-12NVK-0.1  type  materials 
used  as  reference  samples  under  these  extreme 
conditions.  The  ability  to  passivate  and  the 
corrosion  resistance  of  alloyed  commercial  Cr-Fe- 
Al  alloys  to  total,  pitting  and  intergranular 
corrosion  in  aerated  0.5  M  H2SO4,  3%  NaCl  and 
2N  HCIO4  +  IN  NaCl  solutions  increased 
correspondingly  after  testing  them  for  wear 
resistance  in  contact  with  polymer.  Hence, 
annealed  commercial  Cr-Fe-Al  alloys  containing 
more  than  40%  of  Cr  can  be  used  as  long-term 
materials  due  to  the  high  hardness,  wear,  and 
corrosion  resistance  under  different  extreme 
conditions. 

The  total  effect  of  aluminum  on  the  corrosion 
resistance  of  commercial  chromium-iron  alloys 
was  recognized  when  testing  them  in  high- 
temperature  power-generating  plants  when  they 
come  in  contact  with  liquid  metal  heat-transport 
medium  (sodium).  The  corrosion  resistance  of 
investigated  alloys  substantially  exceeds  that  of 
the  austenitic  stainless  steels  usually  used  under 
these  conditions  as  previously  shown  in  [4],  Thih 
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oxide  films  enriched  in  aluminum  that  have  good 
surface  adhesion,  provide  under  this  extreme 
medium  high  corrosion  resistance  of  commercial 
chromium-iron-aluminum  alloys. 

Anodic  additions  also  increased  the  passivability 
and  resistance  to  overall  as  well  pitting  corrosion 
of  high-strength  aluminum  alloys  in  aerated 
solution  of  3%  NaCl.  It  is  shown  [5]  that  the 
corrosion  and  pitting  potentials  of  aluminium  and 
its  alloys  alloyed  by  small  additions  of  Sc  are 
increased.  Also,  anodic  dissolution,  overall  and 
pitting  corrosion  rates  are  decreased  in 
comparison  with  aluminum  and  A1  alloys  that  do 
not  contain  Sc.  Small  additions  of  other  d-metals 
facilitate  the  effect  of  Sc  on  corrosion  resistance 
of  A1  and  its  alloys  in  seawater.  As  a  result, 
aluminum  and  its  alloys  alloyed  with  small 


additions  of  Sc  and  other  d-metals  can  be  used 
under  extreme  seawater  conditions. 
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We  have  been  developing  for  a  number  of  years 
different  types  of  flexible  electric  heaters  made  of 
thermally-stabilized  electrically-conductive 
carbon  fabric  for  surface  warming. 

The  flexible  heater  preferentially  uses  an 
electrically-conductive  element  or  multiple 
elements  made  of  carbon  fabric  and  embedded  in 
two  layers  of  an  electrically  insulation  material. 

As  initial  carbon  materials  for  heaters,  UUT-2  and 
G3  fabrics  produced  by  Brovary  Government 
Plant,  and  Etan-type  fabric  produced  by 
Vuhlecomposite  Plant,  Zaporizhya  are  used.  As 
major  disadvantage  of  these  commercial  fabrics  is 
a  non-sufficient  stability  of  their  resistance 
associated  with  peculiarities  of  their  production 
under  plant  conditions.  Therefore,  thermal 
stabilization  requires  an  additional  step,  i.e. 
chemical  processing  of  fabrics.  A  selective 
thermal  stabilization  of  fabric  pieces  designed  for 
making  real  heaters  shall  be  the  most  efficient 
route. 

Our  flexible  heaters  have  a  number  of  features 
allowing  their  use  in  different  industries, 
medicine,  household,  and  under  extreme 
conditions.  Flexible  heaters  can  be  designed  and 
manufactured  of  desired  sizes  in  dependence  on 
applications  or  requirements.  The  heaters  are 
powered  from  an  AC  or  DC  current  source.  The 


rating  of  its  heat  production  may  vary  within  a 
broad  range  depending  on  the  heat  take-off. 
Selection  of  a  proper  insulation  coating  influences 
the  admissible  operating  temperature  on  the  heater 
surface. 

Various  constructions  of  heater  with  desired 
performance  have  been  developed.  We  studied 
possibility  of  the  UUT-2  fabric  application  for 
different  thermal  conditions.  In  order  to  simplify 
the  use  of  this  fabric  to  specific  items,  a  quantity 
of  experimental  data  was  obtained  useful  for 
constructing  nomographs  showing  the  heater 
surface  power  dependence  of  its  length,  specific 
surface  resistance  and  voltage  applied. 

Electrically-heated  systems  may  be  used  to  the 
following  extreme  conditions: 

•  Blankets  for  victim  or  patient  warming; 

•  Electrically-heated  ambulances  or  tents; 

•  Clothing  for  drivers  of  vehicles  subjected  to 
extreme  environments. 

For  the  above  applications  and  for  hypothermia 
prevention,  in  particular,  stationary  hospitals  shall 
require  devices  for  precision  (programmable) 
warming.  Stringent  requirements  shall  be 
provided  to  meet  an  uniform  heat  distribution  all 
over  the  surface  of  the  carbon  fabric.  The  paper 
describes  the  ways  how  to  achieve  these  goals. 
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Thermally  expanded  graphite  (TEG)  products 
have  a  potential  due  to  their  high  temperature, 
radiation  and  corrosion  resistance,  compressibility 
and  recovering  ability,  and  formability  at  room 
temperature  without  binder  use,  at  low  pressures 
[1],  One  among  the  methods  of  designing 
composite  materials  (CM)  based  on  TEG  having 
improved  functional  properties  including  high 
temperature  resistance  can  be  the  reinforcing  of 
TEG  with  pyrolytic  carbon  through  gas-phase 
impregnation  of  TEG  porous  frame  with  pyrolytic 
carbon. 

This  paper  describes  the  study  of  strength  and 
deformation  properties,  structure  of  CM  made  of 
TEG  frames  differing  in  their  density  (0.07  - 
0.5  g/cm3)  in  their  initial  states  and  after  the 
thermal  heating. 

To  produce  TEG  particles,  a  technology  was  used 
involving  a  chemical  treatment  of  graphite  powder 
with  sulfuric  acid,  and  thermal  expansion  of 
oxidized  graphite.  As  porous  medium  for 
pyrolytic  carbon  impregnation,  products  were 
taken  in  the  form  of  ring  (of  35/24  mm  in 
diameter  and  15-17  mm  in  height)  produced  by 
unilateral  pressing  technique  [2], 

The  TEG  ring  impregnation  was  made  using  the 
radially-driven  pyrolizing  zone  [3]  as  developed 
by  the  NSC  PTI  technology.  A  rod  with  impaled 
rings  or  frames  made  of  TEG  has  been  resistively 
heated  up  to  the  Tc  temperature.  This  was 
accompanied  with  formation  of  a  relatively 
narrow  area  of  gas-phase  precipitation  reactions  of 
pyrolytic  carbon  around  the  rod.  We  reached  the 
desired  compactibility  of  the  composite  material 
due  to  high  affinity  of  the  graphite  and  pyrolytic 
carbon  as  precipitated.  Thus,  at  the  initial  density 
of  ring-frames  of  0.07  g/cm3  achieved  after  the 
impregnation,  the  CM  density  was  0.3  -  0.5  g/cm3. 

The  strength  and  deformation  properties  of  ring- 
type  samples  were  tested  at  the  end-direction 


compression  while  recorded  the  strain  diagrams. 
The  high-temperature  effect  was  experienced 
within  the  range  of  peak  temperatures,  i.e.  500- 
1000°C  whereas  the  holding  at  the  above 
temperatures.  Moreover,  taking  into  account  the 
fact  that  the  CM  components  are  subjected  to 
heating/cooling  cycles  during  the  operation,  the 
rings  were  undergone  to  thermal  cycles  at  200  °C  - 
Tmax-200  °C.  The  peak  temperatures  during  the 
thermal  cycling,  Traax  were  similar  to  those  of  the 
steady  heating  stage.  Said  high  temperature 
exposure  was  made  in  air  using  the  SGU-2  unit 
Heliostation,  Katsively,  and,  for  comparison, 
under  vacuum  (10  5  mm  of  mercury  column) 
using  the  1246  P-2  unit. 

To  evaluate  the  damages  caused  by  preliminary 
temperature  effects,  relative  changes  of  strength 
errand  elastic  ECOmp characteristics  were  used. 

A  comparative  analysis  of  the  compression 
diagrams  for  TEG  and  CM  samples  containing 
different  pyrocarbon  fractions  showed  that  the 
reinforcing  with  pyrolytic  carbon  may  produce 
considerable  changes  in  the  behavior  of  the 
material  at  compression  depending  on  its 
composition.  Thus,  for  TEG  samples  within  the 
0.3  to  0.9  g/cm3,  the  compression  diagram  of 
porous  isotropic  materials  is  of  typical  nature.  The 
transition  from  the  elastic  deformation  to  the 
elastic-plastic  deformation  of  samples  occurs  at  a 
lower  density.  The  TEG  samples  have  been 
deformed  without  fracture  even  at  high  stresses 
and  levels  of  accumulated  plastic  deformation. 

Evaluation  of  the  CM  compression  diagrams 
concludes  that  a  relatively  small  amount  of 
pyrolytic  carbon  (up  to  27  %)  increases  the 
strength,  am  and  modulus  of  elasticity,  Ecomp,  but 
the  diagram  patterns  are  similar  to  those  for  the 
TEG  of  equal  densities,  while  the  sections  having 
similar  curvatures  shift  to  the  area  of  great 
stresses.  With  the  pyrolytic  carbon  concentration 
increase  up  to  80-85  %,  the  strain  diagrams 
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change  their  behavior.  The  elastic  deformation 
contribution  increases  while  the  samples  fracture 
showing  multiple  cracks  initiated. 

The  CM  samples  studied  in  their  initial  states  and 
after  the  thermal  exposure  showed  that  the 
damage  occurrence  of  the  sample  tested  is 
dependent  on  the  upper  temperature  level,  nature 
of  temperature  exposure  under  air  (oxidizing)  or 
vacuum)  neutral  medium. 

Using  the  «COMEBAX  SX-50»  scanning 
electronic  microscope,  the  TEG  and  CM 
structures  having  different  densities  and 
pyrocarbon  concentrations  were  investigated  and 
also  TEG  and  CM  samples  subjected  to 
preliminary  temperature  exposure  under  the  above 
conditions  were  studied. 

The  results  of  fracture  studies  showed  an  uniform 
impregnation  of  the  TEG  frames  with  pyrocarbon. 
The  non-reinforced  TEG  has  particles  with  the 
300  to  400  micron  sizes,  the  particle  surface  is 
non-uniform  exhibiting  visible  porosity  between 
them.  The  pyrocarbon  impregnation  up  to  80- 
85  %  produces  a  significant  fragmentation  of  the 
graphite  grains  having  spherical  accumulations  of 
pyrocarbon  among  them,  which  completely 
penetrate  the  sample.  A  lower  concentration 
causes  the  CM  structure  to  lay  between  the  above 
states. 

As  the  studies  of  non-reinforced  TEG  and  CM 
revealed  after  the  high  temperature  exposure,  the 
structure  change  is  dependent  on  the  peak 
temperature,  oxidizing  or  neutral  medium 
presence. 


The  method  of  designing  composite  materials 
using  the  impregnation  of  a  TEG  porous  frame 
with  pyrocarbon  has  been  developed. 
Investigations  of  microstructures  and  mechanical 
properties  showed  a  superiority  of  the  obtained 
CM  in  terms  of  strength  and  elastic  characteristics 
in  comparison  with  TEG  having  similar  densities. 
A  different  behavior  was  shown  when  the 
compression  of  initial  TEG  sample  and  CM  of 
TEG-pyrocarbon  samples  differing  in  pyrocarbon 
contents.  The  damage  occurence  was  evaluated  as 
caused  by  the  preliminary  temperature  exposure. 

The  composite  material  products  of  the  TEG- 
pyrocarbon  system  feature  a  combination  of  low 
porosity  and  elevated  load-carrying  capability 
including  at  high  temperatures,  and  can  be  used 
for  various  modern  devices  applications. 
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The  cast  oxide  materials  (the  stone  casting),  made 
from  melt  of  mountain  rocks  and  slag  are 
characterised  by  sufficient  toughness,  low 
porosity  and  thermal  conductivity,  high  stability 
against  corrosion  and  attrition.  On  this  reason 
using  of  the  products  to  equipment  protection  at 
extreme  conditions  of  influence  aggressive  and 
abrasive  ambiences  influence,  has  conditioned.  At 
studies  was  installed  that  radiation  stability  of 
stone  casting  and  intercoupling  of  the  enumerated 
characteristics  of  material  with  its  construction 
and  phase  composition. 

The  castings  has  crystalline  structure,  formed 
from  different  minerals.  In  structure  of  castings 
the  glassy  phase  is  present  as  separate  formations 
in  interaxes  spaces  of  dendrites  or  interdendrite 
zones  of  crystals.  At  influence  of  aggressive 
solutions,  corrosion  is  connected  with  dissolution 
of  the  intercrystal  free  glass.  Glass  bounded  phase 
does  not  interact  with  acids.  Depending  on  phase 
composition  of  material,  increasing  of  mass  loss 
occurs  on  initial  stage  of  destruction  of  crystalline 
forming.  It  is  stated,  for  instance,  that  magnetite 
and  olivine  have  more  high  stability,  than 
pyroxene.  In  solutions  of  acids  and  alkalis 
akermanite,  monticellite,  manganosite  -  main 
minerals  which  form  materials  on  the  base  of 
silicomanganese  slag  have  low  steadfast.  So  slag- 
cast  products  more  chemical  unstable,  than  from 
melts  of  mountain  rocks. 

Size  of  crystalline  formation  have  the  greater 
influence  upon  chemical  stability  of  stone  casting. 
When  crystals  size  of  the  main  crystalline  phase 
increas  in  4  -  4,5  times,  stability  of  material  falls 
in  2  times,  under  close  contents  of  free  glass  in 
them. 

Stability  of  stone-cast  material  studied  at 
influence  of  solid,  fluid,  gaseous,  radioactive 
environment  and  y-rays.  After  y-rays  influence 
(under  average  energy  0,662  MV  and  powers  of 
absorbed  dose  0,1 1 16  Gy/s)  change  of  their  forms, 
linear  sizes,  colour  did  not  exist  in  samples. 
Forming  of  the  defects  in  free  glassy  structures 
component  in  the  case  of  its  partial  crystallisation 
is  stated.  This,  obviously,  cause  appearance  of 


strain  in  material  and  a  certain  reduction  of 
strength. 

Centra!  part  of  casting  is  composed  from  large 
dendrite  formation.  Surface  and  intermediate  zones 
has  the  fine-grained  structure.  At  surface  thick  layer 
with  fine-grained  structure  characterised  by  low 
open  porosity  which  provides  to  products  an 
absence  permeability  to  water,  high  stability  at 
influence  of  aggressive  fluid,  solid,  radioactive 
environment.  At  submersion  of  samples  in  solutions 
of  different  radionuclides  mixtures  with  total  three- 
dementional  radioactivity  3,03- 1 06. .  .4,07- 1 06  Bq/m3 
and  endurance  in  them  during  3  day,  with  the 
following  deactivation  by  water,  radioactive 
contamination  of  surface  of  material  does  not  exist. 
It  is  established  also  that  diffusion  processes  do  not 
cause  essential  penetration  of  radionuclides.  The 
mass-transfer  coefficient  of  radioactive  cesium 
from  hard  forming  in  350  once  lower,  beside 
concrete.  Liquid  permeability  exists  in  a  surface 
layer  only  at  microdefect  presence  in  him  and  on 
distance  of  order  500  pm.  Herewith  minimum 
possible  velocity  of  cesium  penetration  from  fluid 
inviroment  in  stone-cast  material  in  27  once,  but 
strontium  -  in  630  once  lower,  than  concrete. 

The  data  were  a  reason  for  recommendation  of 
stone-cast  products  using  on  objects  of  keeping  of 
radioactive  materials,  as  a  facing  of  premiseses  and 
devices,  subjected  to  influence  aggressive  and 
radioactive  solutions. 
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Creation  of  high  porous  materials  is  one  of  the 
most  perspective  directions  of  materials  science. 
There  are  numerous  examples  of  successful  usage 
of  such  materials  in  the  most  responsible  designs 
of  space,  air  and  automobile  engineering.  The 
structure  of  cellular  solids  ranges  from  near  perfect 
order  honeycomb  cells  to  the  disordered  three- 
dimensional  network  of  powders  and  forms. 

Literature  analysis  shows  the  displacement  of  pri¬ 
orities  from  complex  technologies  for  preparing  of 
high  porous  constructions  with  the  regular  geomet¬ 
rical  form  (for  example,  honeycombs  structure)  to 
more  simple  technologies  for  preparation  of  such 
materials  by  melting,  powder  metallurgy  or  other 
structural  engineering  methods.  According  to  this 
tendency,  there  is  some  displacement  of  accents  in 
the  development  of  the  models  which  describes  the 
mechanical  behaviour  of  such  systems  with  the 
purpose  of  optimization  of  their  structure. 

A  regular  geometrical  construction  may  be  de¬ 
scribed  by  some  array  of  identical  cells  nested  to¬ 
gether  to  fill  a  plane.  The  cells  for  honeycombs  are 
usually  hexagonal  in  section,  but  they  can  also  be 
triangular,  or  square,  or  rhombic.  Ashby  and  his 
co-workers  [1,  2]  developed  the  mechanical  ap¬ 
proach  to  the  analysis  of  deformation  of  high  po¬ 
rous  materials.  Large-scale  deformation  models 
were  obtained  from  stress  -  strain  analysis  for 
structural  elements  of  unit  cell  under  loading. 

Such  approach  gives  good  correspondence  with 
experiment  for  regular  structures  (such  as  honey¬ 
combs),  but  is  not  suitable  for  high  porous  materi¬ 
als  with  stochastic  structure.  In  materials  with  sto¬ 
chastic  distribution  of  porous  it  is  necessary  to  take 
into  account  that  such  structure  consists  of  diverse 
structural  elements  chaotically  located  in  designed 
object  (Fig.  1). 

In  this  case  representations  about  an  elementary 
cell  can  be  accepted  only  as  the  first  very  rough 
approximation.  For  deeper  analysis  it  is  necessary 
to  involve  representations  about  effective  proper¬ 
ties  advanced  in  the  theory  of  porous  powder  bod¬ 
ies,  and  statistical  theory  of  effective  medium.  The 
key  moment  of  these  theories  is  the  opportunity  of 
the  independent  account  of  influence  of  structure 
of  solid  phase  and  powder  space  in  formation  of 
properties  of  a  material  as  a  whole. 


To  account  for  stochastic  nature  of  structure  of 
high  porous  materials  it  is  offered  in  works  [3,  4] 
to  use  statistical  models  based  on  the  percolation 
theories  and  the  fractal  approaches.  For  the  analy¬ 
sis  of  durability  of  porous  materials  from  our  point 
of  view  it  is  the  most  correctly  to  use  the  physical 
approaches  advanced  in  works  of  S.A.  Firstov  with 
co-workers  [5]. 


powder  materials  sintered  fibers 


Fig.  1.  Types  of  structures  of  porous  space 

As  objects  of  research  the  distributions,  having 
stochastic  porous  structure  (Fig.  1)  were  chosen 
high  porous  materials  obtained  by  using  of  various 
technologies  of  materials  science. 

Four-point  bends  with  registration  of  micro¬ 
plasticity  curve  was  test  procedure  used  in  this 
work.  The  influence  of  porosity  on  the  modulus  of 
elasticity  of  the  investigated  materials  was  ana¬ 
lyzed.  The  results  of  these  researches  are  shown  in 
Fig.  2  as  the  schematic  curve. 

One  can  see  from  these  data,  that  the  morphology 
of  porous  space  essentially  influences  on  depend¬ 
ence  of  the  modulus  of  elasticity  on  porosity.  None 
of  the  known  mechanical  schemes  does  not  allow 
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to  describe  the  obtained  results  correctly.  In  par¬ 
ticular,  it  concerns  the  usage  of  simple  geometrical 
models,  for  example,  Ashby  sell.  The  analysis 

Ee/E 


Fig.  2.  Dependence  of  the  relative  modulus  of  elasticity 
on  porosity  for  various  types  of  materials 


of  dependence  of  the  modulus  on  porosity  is  espe¬ 
cially  complicated  in  area  of  near  limiting  high 
porous  states.  At  the  same  time  equation  of  the 
percolation  theory  allows  to  describe  experimental 
data  satisfactorily.  For  case  of  the  modulus  of 
elasticity  it  is  possible  to  write  this  equation  in  the 
following  form: 


Eg  —  E0 


'l-i* 
V  e.. 


(1) 


where  Ee  -  modulus  of  a  porous  sample; 
E0  -  modulus  of  a  compact  sample; 

0  -  porosity  of  a  material; 

0C  -  limiting  porosity; 

P  -  parameter  of  porous  structure. 


The  calculated  values  of  0C  and  p  for  various  types 
of  porous  structures  are  listed  in  the  table: 


Material 

©«  % 

P 

Gasars 

100 

1 

Foamed  metals 

100 

1,65 

Metallic  foam-rubbers 

100 

1,85 

Bi-porous  materials 

65-85 

1,2 -1,6 

Powder  materials 

65 

1,65 

Sintered  fibers 

100 

3-4 

One  can  see,  that  for  a  case  of  isotropic  structures, 
parameter  b  changes  from  1,6  up  to  1,8,  corre¬ 
sponding  to  predictions  of  the  percolation  theory. 
Limiting  porosity  in  case  of  powder  systems  does 
not  equal  to  100  %  and  depends  on  structure  of 
porous  space. 


The  influence  of  porous  structure  on  the  elastic 
modulus  of  this  class  of  materials  is  shown  in 
Fig.  3.  One  can  see  from  the  diagram,  that  at  given 
porosity  the  following  tendency  is  observed:  the 
more  is  relation  of  the  powder  former  size  to  the 
size  of  a  powder  X,  the  more  is  value  of  the  elastic 
modulus  of  high  porous  materials. 


O-Ni,  A,  =  60 


Fig.  3.  Dependence  of  the  relative  modulus  of  elasticity 
on  a  volumetric  share  of  pores. 

Limiting  porosity  of  a  bi-porous  material  also  de¬ 
pends  on  a  ratio  of  the  sizes  of  a  powder  and  pow¬ 
der  former.  Geometrical  model  offered  in  work  [4] 
allows  to  describe  this  dependence  as  follows: 


0. 


0,85(1  -emiBD) 


1+- 


3/0,85  “  0micro_ 


_ 1  A 

3  °  micro 


0,65  -em 


(2) 


where  0micro  -  porosity  of  a  powder  subsystem; 

©macro  -  porosity,  determined  in  volume  of  macro¬ 
pores. 

The  proposed  expressions  (1,  2)  describes  experi¬ 
mental  data  satisfactorily,  from  what  follows,  that 
the  principles  of  the  percolation  theory  are  appli¬ 
cable  for  the  description  of  behaviour  of  high  po¬ 
rous  materials  working  in  extreme  conditions. 
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Unique  properties  of  AI3Ti  intermetallic 
compound  are  determined  by  its  crystalline  and 
electronic  structure.  This  material  has  Young’s 
modulus  of  1 70-220  GPa  that  is  very  high  for 
aluminum-based  alloys  and  high  elevated- 
temperature  strength.  According  to  literature  data, 
the  compression  yield  point  of  AI3Ti  in  the  wide 
temperature  interval  of  20-900  °C  is  not  less  the 
300  MPa.  Because  of  low  density  of  the  alloys 
based  on  Al3Ti  (3-4  g/cm3)  their  specific 
properties  per  unit  weight  are  even  more 
attractive.  However,  the  features  of  crystalline 
structure  of  the  intermetallic  cause  very  high 
brittleness  of  this  class  of  materials. 

Low  strength  and  brittleness  of  intermetallic  AI3Ti 
prevents  the  utilization  of  these  attractive 
compounds.  New  methods  to  solve  the  problem  of 
brittleness  were  proposed  in  recent  years.  The 
methods  are  based  on  the  principles  of  rational 
alloying.  It  was  shown  that  alloying  of  Al3Ti  with 
Cr,  Mn,  Ni,  Fe,  Cu  and  other  elements  converts 
the  crystalline  cell  of  the  intermetallic  from  the 
tetragonal  D022  to  the  cubic  Ll2  [1-7].  Such 
transformation  of  the  cell  provides  the  possibility 
to  improve  the  plasticity  of  AI3Ti-based 
intermetal  lies  [8], 

In  the  present  work  it  is  shown  that  further 
increasing  the  strength  and  plasticity  in  bending 
and  tensile  tests  may  be  achieved  by  using 
multiphase  alloys.  The  structure  of  such  materials 
must  be  prepared  by  a  special  way.  It  is  necessary 
to  remove  the  porosity,  to  decrease  the  size  of 
structural  elements  and  to  create  optimal 
conditions  for  energy  dissipation  at  the  crack  tip. 
All  these  requirements  may  be  fulfilled  in  the  Al- 
Ti-Cr  alloys,  which  crystallize  as  eutectic  with 
Ll2  intermetallic  phase.  The  task  of  this 
investigation  is  the  selection  of  Al-Ti-Cr  alloys 
with  the  optimal  structure  and  investigation  of 
their  mechanical  properties. 

The  alloys  of  Al-Ti-Cr  system  were  prepared  by 
arc  melting  in  gettered  argon  atmosphere  with  a 
nonconsumable  tungsten  electrode  on  a  water- 
cooled  copper  hearth.  The  line  of  the  monovariant 
eutectic  transformation  (LMET)  with  the 


participation  of  Ll2  phase  was  determined  by  the 
methods  of  metallographic,  thermal  and  X-ray 
analysis,  and  the  region  of  two-phase  aco- 
existence  was  established  as  well.  The  structure  of 
alloys  in  the  investigated  region  changes  from 
hypoeutectic  with  primary  Ll2  dendrites  and 
eutectic  formed  by  cubic  Ll2  and  P-phases  (Fig.l) 
to  eutectic  Ll2+p. 


Fig.  1.  Microstructure  of  hypoeutectic  Ll2  + 

(LI  2+0)  alloy. 

Mechanical  properties  of  alloys  with  different 
volume  parts  of  the  eutectic  were  investigated  by 
testing  in  compression,  bending  and  high 
temperature  hardness.  It  was  established  that 
hardness  and  compression  strength  increase  with 
the  rise  of  the  volume  fraction  of  the  eutectic;  the 
concentration  dependence  of  plasticity  is  non- 
monotonous,  having  a  maximum  in  the 
hypoeutectic  range.  In  the  phase  diagram  of  the 
Al-Ti-Cr  system  the  lines  of  isohardness  are 
parallel  to  the  LMET.  Alloys  with  the  eutectic 
structure  have  the  maximum  compression  strength 
(omc=2000  MPa).  Hypoeutectic  alloys  with  a  large 
fraction  of  the  eutectic  phase  have  the  maximum 
value  of  plasticity  (ec=20.5  %).  Compressive 
stress  -  strain  curves  of  the  eutectic  alloys  of  Al- 
Ti-Cr  system  are  shown  in  Fig.  2. 

The  value  of  Young’s  modulus  was  obtained  from 
four-point  bending  test.  All  investigated  eutectic 
alloys  have  similar  values  of  elastic  modulus  of 
175-190  GPa.  Four-point  bending  was  used  for 
analysis  of  microplasticity  deformation  curves.  It 
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was  found  that  the  eutectic  alloys,  which  have 
maximum  strength  under  compression  test,  in  the 
case  of  bending  test  have  no  signs  of  plastic 
deformation.  From  this  point  of  view,  the 
hypoeutectic  alloys  are  more  suitable.  These 
alloys  have  high  bending  strength  (am=550- 
600  MPa)  and  appreciable  microplastic 
deformation  (e=0.04  %).  The  microplastic 
deformation  curve  of  the  hypoeutectic  alloy  #4  is 
shown  in  Fig.3. 


Fig.  2.  Compressive  curves  of  the  eutectic  alloys 
of  the  ternary  Al-Ti-Cr  system:  1  -  single  phase 
Ll2;  2-8  -  alloys  with  different  volume  fraction  of 
eutectic. 


Plastic  strain,  % 

Fig.  3.  Bending  curve  of  the  hypoeutectic  alloy. 

Alloys  based  on  the  Ll2+P  eutectic  have  high 
melting  temperature  (1275  °C).  That  is  one  of  the 
main  reasons  of  high  elevated-temperature 
strength  of  this  class  of  materials.  Hardness  in  the 
temperature  interval  of  20-800  °C  is  not  less  than 
3.1  GPa.  This  value  is  significantly  higher  then 
hardness  of  the  single  phase  intermetallic 
compound  (Fig.4). 


Fig.  4.  Temperature  dependence  of  hardness. 

Conclusions 

It  is  shown  that  eutectic  alloys,  formed  by  cubic 
LI 2  and  P-phases,  have  an  unique  balance  of 
mechanical  properties:  Young’s  modulus  up  to 
190  GPa;  hardness  up  to  3000  MPa  in  the 
temperature  interval  of  20-800  °C;  compressive 
and  bending  strength  up  to  2000  MPa  and 
600  MPa,  respectively. 

It  is  established  that  the  occurrence  of  the  eutectic 
component  in  alloys  structure  results  in  the 
increase  of  their  plasticity.  Thus,  binary 
hypoeutectic  Ll2+P  alloys  have  the  value  of  the 
parameter  ec  in  compression  in  the  limits  of  (II- 
20)  %  in  contrast  to  7%  for  the  single-phase 
intermetallic  Ll2.  These  alloys  have  also  a  low 
density  of  3.5  g/cm3.  The  eutectic  character  of 
alloys  ensures  their  high  cast  properties. 

The  unique  balance  of  properties  allocates  this 
class  of  advance  materials  for  application  in 
extreme  conditions. 
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Materials  erosion  under  the  impact  of  hard  particles 
against  a  target  (powder  spraying)  is  observed  in 
many  technical  processes  and  is  a  negative  phe¬ 
nomenon  on  the  whole.  By  normal  particles  impact 
a  crater  is  formed  with  a  bead  along  its  edges  as  a 
manifestation  of  residual  deformation  due  to  the 
material  plastic  flow  under  impact  stress.  The  bead 
is  removed  from  the  surface  by  other  particles  im¬ 
pacts  or  under  the  influence  of  the  flow  carrying  the 
particles. 

The  compression  of  a  hard  material  is  accompanied 
by  the  shift  of  its  layer  [1],  If  the  shear  stress  is 
exceeds  the  corresponding  critical  value  the  mate¬ 
rial  turns  into  plastic  state.  Equating  critical  load  to 
pressure  difference  on  a  shock  wave  we  can  deter¬ 
mine  the  critical  shock  velocity: 

r/  2  1  -V 

(l) 

where  v  is  the  Poisson’s  ratio;  cr  -  critical 
shear  stress;  co  —  po  ao,  o'  ~  p'o  a'o  —  acoustic  im¬ 
pedances  of  materials,  the  dash  concerns  a  particle; 
y=  o'/(o  +  o'). 

The  calculations  have  shown  that  critical  velocity 
is  within  the  limits  of  35  —  60  m/s  for  such  materi¬ 
als  as  aluminium,  duralumin,  copper  and  steel. 

Thus,  plastic  deformation  erosion  can  take  place 
only  when  V  >  Vcr.  If  V  <  Vcr,  the  erosion  is  stipu¬ 
lated  by  the  material  disstrengthening  by  the  accu¬ 
mulation  of  fatigue  cracks.  The  duration  of  particle 
contact  with  a  target  under  shock  interaction  is  of 
an  order  of  double  time  of  shock  wave  passing  the 
particle  (in  one  direction  as  a  shock  wave,  in  an¬ 
other  one  as  an  unloading  wave). 

The  erosion  process  under  particles  interaction  with 
a  target  is  very  complicated.  It  depends  upon  many 
factors  being  random  sometimes,  which  cannot  be 
taken  into  account  practically.  It  proves  the  avail¬ 
ability  of  a  great  number  of  published  theoretical 
approaches  and  theories  [2]  and  at  the  same  time 
there  is  no  such  theory  which  answers  all  the 
known  experimental  data.  In  such  cases  good  re¬ 
sults  can  be  obtained  by  the  generalization  of  the 
experimental  data  with  the  help  of  the  system  of 
similarity  criteria. 


The  purposeful  works  on  the  generalization  of  the 
experimental  data  on  the  basis  of  similarity  criteria 
have  not  been  carried  out  for  the  investigation  of 
powder  spraying  of  plastic  materials. 

When  similarity  criteria  are  being  selected  it  is  nec¬ 
essary  to  determine  the  parameters  of  the  physical 
process  being  considered,  which  influence  upon  it 
most  strongly.  In  this  case  one  should  be  oriented 
on  general  conceptions  of  the  process  being  grown 
up  already,  by  those  parameters  and  their  combina¬ 
tions  which  have  already  been  used  for  the  experi¬ 
mental  data  treatment. 

The  analysis  has  shown  that  the  following  parame¬ 
ters  can  be  assumed  to  be  the  basic  ones:  for  a  par¬ 
ticle:  V,  p a\  d,  for  a  target:  p,  a,  T,  Tj,  Tm,  where 
d  is  particle  diameter;  rr  -  yield  stress  of  target 
material;  T—  target  temperature;  Tm  -  melting  point. 

The  following  functional  dependence  was  consid¬ 
ered  by  the  orientation  on  the  thorough  work  of 
Polezayev  and  Mihatulin  [3]  on  powder  spraying 
analysis: 

Wm=£~f[bhi'-)  (2) 

2Hcr  Tm  p  a) 

where  Her  is  the  energy  consumed  for  the  erosion  of 
the  unit  of  erosion  mass  (erosion  enthalpy). 

By  the  authors'  of  work  [3]  opinion  it  is  a  charac¬ 
teristic  of  backing  material  depending  upon  tem¬ 
perature  only. 

As  a  result  of  the  generalization  of  the  known  ex¬ 
perimental  data  the  following  criterion  formula  has 
been  obtained: 


w  =1-JL —  £. 

m  2Hocos'*0r{p' 

0  m 

1  ^  TI  nn  7 


The  value  Ho,  which  has  the  dimension  of  specific 
energy  turned  out  to  be  constant  and  equal  to  H0  = 
I.5106  J/kg.  The  squared  mean  error  of  the  for¬ 
mula  was  36%.  The  generalization  of  all  the  data 
based  in  the  usual  for  many  works  form:  Wm  =  b  V 
gave  minimum  error  being  equal  to  85%  by  the  n  = 
1,9.  The  comparison  of  the  dependence  calculated 
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by  the  formula  (3)  with  the  experiments  is  shown 
in  the  Fig.l. 


Fig.l.  Experimental  data  treatment  by  the  formula 

(3). 

The  following  criterion  formula  was  considered 
also 


Wm  =/ 

m  J 


y  paV  p'V1  .  T  p' 

’  2rT 


'\ 


(4) 


iT  j  m  p  J 

Where  the  first  and  second  criteria  characterize  the 
contribution  of  the  erosion  of  shock  and  pressure 
stages  to  particle  interaction  with  a  target. 

As  a  result  of  the  generalization  the  following  for¬ 
mula  has  been  obtained 


W... 


p'V 2 


V, 


2 ttq  cos  0t  j 


y  paV 
fyo  COS  Of  J 


where  C  =  4,82- 10-4;  n  =  1,0;  w  =  0,50;  l  =  2,0;  the 
index  0  concerns  normal  temperature.  The  squared 
mean  error  of  the  formula  (5)  is  equal  to  37.4%. 


It  is  interesting  to  note  that  the  difference  between 
the  experiments  with  single  particles  and  the  parti¬ 
cles  flow  did  not  influenced  on  the  criterion  for¬ 
mulae.  It  is  important  also  that  the  independence  of 
the  erosion  upon  particles  dimensions  has  been 
confirmed. 


The  experimental  data  set  is  not  representative 
enough  obviously.  There  are  only  30  points  and  the 
criterion  formulae  will  be  corrected  when  the  new 
results  are  obtained.  Nevertheless,  it  can  be  ex¬ 
pected  the  criteria  set  will  remain  in  its  basis  be¬ 
cause  the  range  of  the  parameters  change  was  large 
enough  during  the  experiments. 


So,  the  particles  velocity  changed  from  10  up 
300m/s,  target  temperature  -  from  room  one  up  to 
0,8  T„„  the  densities  relation  -  from  0,3  up  to  3,  the 
particles  diameter  -  from  40  up  to  3000  pm. 

Powder  spraying  rate  depends  upon  the  angle  of 
attack  at  which  the  particles  get  on  target  surface. 
The  optimum  angle  of  attack  is  between  20  and  50° 
from  the  point  of  view  of  metals  maximum  damage. 
The  influence  of  the  angle  of  attack  can  be  repre¬ 
sented  in  the  form  of: 

Wm(a)  =  Wm(90°)g(wm,a)  (6) 

where  Wm(90°)  is  calculated  by  the  formulae  ob¬ 
tained  above  and  the  function  g(wm,  a)  depends 
upon  the  relation  of  erosion  maximum  rate  to  ero¬ 
sion  rate  by  normal  particles  impact  and  the  angle 
of  attack. 

For  the  determination  of  the  function  g(wm,a)  the 
data  published  in  the  [2]  on  aluminium  erosion 
under  different  angles  of  incidence  and  target  tem¬ 
peratures  have  been  approximated: 


g(wm,a)  = 


wn,a 


a-a„ 


\2 


(7) 


a„ 


a*  ~amj 


(wm  -1  )  +  a 


where  am  is  the  angle  of  attack  when  erosion  is 
maximum;  a„  =  90°. 

As  the  analysis  has  shown  the  value  wm  depends 
linearly  upon  the  relation  of  backing  temperature  to 
its  melting  point: 


wm=  3,25-2,25  J  (8) 

Tm  -  T0 

The  squared  mean  error  of  the  calculations  by  the 
formula  (7)  does  not  exceed  the  error  of  the  formu¬ 
lae  (3,  5). 


The  criterion  dependencies  for  erosion  rate  enable 
to  estimate  for  example  the  crater  depth  h,  because 


3  P 


h 

Vd  J 


W 

m  "  K  o' 1 

^Mr 

where  KM  is  the  number  of  the  particles  taking  part 
in  a  single  erosion  act. 


1.  3ent>gOBHH  fl.E.,  Paiteep  K).ri.  On3HKa  ynapHbix 
bojih  h  b bi c o Koxe  m ne p ary p h bi x  rnnpo,THHaMHLie- 
ckhx  HBJieHHH.  -  M.,  Hayxa,  1966,  686c. 

2.  3po3HH.  Flofl  pen.  K.  Ilpnc,  M.,  Mup,  1982, 
464c. 

3.  MnxaTyjiHH  J^.C.,  FIoneHcaeB  K).B.,  Pemm  H.B. 
flpenpHHT  HBTAH,  Ke  2-402,  -  M.,1997,  87  c. 


397 


SECTION  D. 

STRUCIUR^ANDPROPERTIES  OF  MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


STUDY  OF  CORROSION  PROPERTIES  OF  POROUS  COLD-PRESSED 
ITEMS  MADE  OF  CUPRUM  -  TUNGSTEN  POWDEROUS 
CONSTRUCTION  MATERIAL 

Scherbakova  L.N.,  Epifanceva  T.A.,  Kayuk  V.G. 

Institute  for  Problems  of  Materials  Science  NASU,  Kiev,  Ukraine 


The  usage  of  powderous  materials  in  order  to 
increase  efficiency  of  the  detonation  effect 
directly  related  to  conditions  of  medium  of  their 
application  as  well  as  to  the  preservation  of  their 
storage.  Development  of  a  composite  material  for 
these  purposes  must  suppose  the  finding  out  of  a 
particular  feature  of  structure  and  physical- 
chemical  characteristics  changes  of  an  item  in 
dependence  on  the  corrosion  influence  when  an 
item  is  exposed  to  sea  atmosphere,  sea  water  and 
NaCl  solution.  The  usage  of  a  composite  material 
predicts  experimental  investi-gations  on  efficiency 
of  its  application  to  be  carried  out. 

In  the  present  work  investigations  on  influence  of 
the  corrosion  affect  on  changes  of  physical- 
chemical  properties  of  a  porous  nonsintered  cold- 
pressed  item  made  of  a  construction  material  with 
the  determined  structure  characteristics  are 
reported. 

By  means  of  metal-graphical  investigations  of 
pressings  the  presence  of  phases  and  impurities 
characterizing  composition  of  the  materials  was 
shown.  Fracture-graphical  inve¬ 
stigations  revealed  the  presence  of  hollow  pores 
and  conglomerates  of  tungsten  alloy  particles  on 
the  surface  of  the  cuprum  frame  particles. 

It  was  found  out  that  the  difference  in  the  surface 
parameters  of  items  is  predetermined  by  different 
percentile-weight  content  of  the  tungsten  alloy. 

Experimentally  it  was  established  that  the 
corrosive  behavior  of  powderous  construction 
materials  based  on  the  cuprum-tungsten  alloy  is 
determined  through  the  content  of  the  tungsten 
phase  in  a  material.  Kinetics  of  a  relative  change 
of  the  samples  weight  (A  g/g,  g/g)  and  the  rate  of 
their  oxidation  (K,  g/cm2  24  hours)  under 
exposure  in  a  sea  atmosphere  are  presented  in 
Fig.  1 .  Materials  with  the  high  content  of  tungsten 
are  oxidized  and  this  process  is  accompanied  with 
the  weight  of  samples  increases  in  time.  The  rate 
of  oxidation  has  the  extreme  dependence.  The 
oxidation  of  a  powderous  material  with  the  lower 


content  of  tungsten  when  exposed  less  then  2400 
hours  proceeds  with  the  weight  of  samples 
decreases.  It  occurs  due  to  the  formation  of  friable 
not  continuous  films  on  the  surface  of  samples. 
When  exposed  during  2800-8600  hours,  a  dense 
thin  film  is  formed  on  the  surface  of  samples  and 
the  oxidation  process  proceeds  at  rates  2-3  times 
lower  than  those  when  materials  with  higher 
content  of  tungsten  are  used. 

Tests  on  corrosion  in  sea  water  showed  that 
samples  with  20  mass  %  of  W-phase  corrode  with 
the  weight  of  samples  increase  (K=l,l  •  104  g/cm2 
24  hours),  on  the  other  hand,  when  the  content  of 
tungsten  is  raised  the  material  dissolves  with  the 
total  balance  of  a  weigh  lost  (K=2,0  •  104  g/cm2 
24  hours).  Character  of  the  surface  dissolved  is 
unequal,  the  main  dissolving  component  is  iron 
contained  in  W-phase  and  products  of  its 
oxidation  are  distributed  between  the  surface  and 
electrolyte.  Character  of  the  corrosion  potentials 
changes  (Eco„  )  of  Cu  and  W  containing  materials 
(fig-2,  a)  in  sea  water  testifies  about  stability  of 
the  corrosion  process  proceeding  in  time  in  case 
with  samples  in  which  content  of  W-phase  is  up  to 
50  mass  %  and  about  oxidation  of  the  surface  of 
samples  with  lower  content  of  W-phase  that  is 
similar  to  samples  of  pure  cuprum. 

The  anode  dissolving  of  the  both  materials  in  3% 
NaCl  solution  proceeds  analogically.  However, 
the  rate  of  dissolving  of  the  material  with  20  % 
mass  of  W-phase  is  almost  one  order  higher  (fig. 
3).  During  the  anode  polarization  one  can  observe 
the  change  in  control  from  kinetic  (in  region  of 
linear  function  lgi-E)  to  diffusion  (in  the  area  of 
the  limit  currents).  At  the  process  of  dissolving 
soluble  cuprum  and  iron  chloride  particles  are 
formed  and  on  the  surface  dissolved  cuprum 
particles  and  con-glomerates  of  tungsten  particles 
are  deposed  with  the  rate  almost  2  orders  lower 
than  that  of  cuprum.  The  latter  is  proved  by  the 
significant  difference  of  Eon  -  t  function  of  the 
materials  with  different  content  of  W-phase  after 
the  anode  dissolving. 
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THERMODYNAMIC  PROPERTIES  of  Ni-Al,  Ni-W,  Al-W,  Ni-Al-W  MELTS 

Sudavtsova  V.S.,  Vovkotrub  N.E. 

Kiev  National  Taras  Shevtchenko  university,  64  Volodymyrska  Str.,  01033,  Ukraine 


The  alloys  on  a  Ni-base  are  widely  used  in 
engineering  as  heatproof  and  corrosion  resistant 
materials,  which  frequently  are  reinforced  by 
refractory  metals.  In  this  case  it  is  expedient  to 
study  thermodynamics  of  ternary  alloys  of  system 
Ni-Al-W(3d),  which  unknown  till  nowadays.  By 
mixing  isoperibolic  calorimetry  were  studied 
thermochemical  properties  of  4  sections  of  binary 
boundary  systems  for  ternary  Ni-Al-W  system. 
Thermochemical  properties  of  Ni-W  liquid  alloys 
were  studied  by  mixing  isoperibolic  caloremetry 
earlier  at  1910  K  [1]  and  in  the  given  work  at 
2000  K.  In  novel  technique  at  1910  K  solid  W 
(T=298  K)  entered  in  calorimetric  bath  with  liquid 
nickel.  As  Ni-W  alloys  are  characterized  by  weak 
interpartial  interaction,  we  have  improved  the 
experimental  technique.  In  new  technique  instead 
of  the  thermocouple  is  applied  thermobattery  and 
samples  of  refractory  metals  entered  in  pipe  with 
mobile  bottom  Nb-foil  made  screwed  on  rotated 
molybdenum  core.  After  sample  throwing  down 
on  a  plate  it  maintained  to  const  temperature,  that 
fixed  using  special  thermocouple.  After  that,  by 
shifting  of  niobium  plate,  the  pipe  opened  and 
heated  sample  add  into  liquid  alloy.  This 
technique  has  been  allowed  to  increase  accuracy 
of  obtained  results  that  is  very  important  at 
researching  in  such  sort  of  systems  characterized 
by  weak  interpartial  interaction.  It  is  deals  with 
that  the  contribution  of  heat  necessary  for  samples 
heating  from  298  K  up  to  temperatures  of 
endurance  considerably  decreases.  Heat,  which  is 
necessary  for  heating  of  component  entered  in 
calorimetric  bath,  from  298  K  up  to  experimental 
temperatures  calculated  from  Hultrgen  handbook 
data.  The  defined  values  of  partial  and  integral 
enthalpy  of  formation  in  studied  alloys  with 
accuracy  up  to  2-10  %,  accordingly,  are  given  in 
the  table.  In  calculation  used  tungsten  enthalpy  of 
melting  for  defined  alloys  enthalpy  of  mixing 
formed  by  liquid  Ni  and  overcooled  liquid  W.  In 
the  table  are  given  enthalpy  of  mixing  of  liquid 
alloys  of  Ni-W  system  up  to  xw  =0,3.  It  have  been 
established,  that  the  data  [1]  slightly  more 
exothermal,  in  system  Ni-W  in  a  solid  state  such 
compounds  are  formed:  Ni4W,  NiW,  NiW2  and  its 
correlates  with  the  obtained  thermal  effects  of 
binary  alloys.  Evidence  of  data  reliability  for  Ni- 
W  alloys  are  same  parameters  for  Fe-W, 


determined  by  other  authors.  As  well  as  it  was 
necessary  to  expect  thermal  effects  of  liquid  Ni-W 
alloys  are  a  little  more  exothermal,  than  for  Fe-W. 

Table 


Enthalpy  of  mixing  of  liquid  alloys  of  binary  Al- 
Ni  (W),  Ni-W  and  sections  of  Ni-Al-W  systems 
(kJ/mol)  _ _ _ 


X2(3) 

0 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

N 

i-Al,  T=  1870  K 

-AH 

0 

M 

32 

42 

50 

54 

54 

44 

30 

1 16 

Al-W,  T=  1870  K 

-AH 

2,4 

3,9 

7,1 

8,1 

8,6 

7,4 

6,2 

4,3 

2,4 

Ni-W,  T=  2000  K 

-AH 

0 

2,4 

3,5 

5,8 

5,6 

4,9 

3,9 

2,9 

1,9 

1,0 

-AH'w 

28 

22 

16 

100 

Ni-AI-W 

x2<3) 

0,1 

0,2 

0,3 

X2(3) 

0,1 

0,2 

0,3 

0,4 

AH(1) 

20 

32 

39 

-AH(3) 

33 

34,8 

!  29,6 

26 

AH(2) 

22 

34 

42 

-AH(4) 

50 

44 

38 

32,2 

1,2  -  section  xw/xNi=  0,16/0,84;  0,24/0,76. 
3,4  -section  xAI/xNi=  0, 8/0,2;  0,6/0,4. 


Thermochemical  (TCh)  property  of  Al-W  system 
were  investigated  by  us  earlier  at  1870  K  [2],  The 
meanings  of  integral  enthalpy  of  mixing  defined 
in  this  work  on  an  advanced  technique  are  given 
in  the  table.  It  is  visible,  that  they  will  be 
coordinated  to  the  data  [2]  and  characterize 
moderate  interpartial  interactions  between 
different  atoms.  The  comparison  has  shown  first 
partial  enthalpy  of  mixing  of  5d-metals  in  liquid 
aluminium,  that  the  minimal  interpartial 
interaction  is  characteristic  for  liquid  Al-W  alloys. 
TCh  of  property  of  liquid  alloys  of  system  Ni-Al 
are  determined  by  caloremetry  at  1928  K  in  Ni 
interval  of  concentration  0,6  <  xm  <  1  by  Yu.  Esin 
(/Uttf*  in  Al-Ni  is  -147,5  kJ/mol  by  A. 
Stomakhin).  These  data  well  coordinated  with  us- 
defined  at  1870  K  in  an  interval  0,5<jca/<1  [3]  and 
correlate  with  estimated  from  standard  enthalpy  of 
formation  for  Ni3Al,  NiAl.  In  the  table  are  given 
A,„„H  of  Ni-Al  alloys.  In  the  table  are  given 
experimental  A„,„H  of  4  sections  Ni-Al-W  system. 
It  is  visible,  that  AmtcH  for  sections  beginning  from 
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alloys  of  system  Ni-Al,  decrease.  It  is  clear,  that 
the  W  adding  into  Ni-Al  alloys  results  in 
reduction  exothermal  effects,  which  are  observed 
in  binary  Ni-Al  alloys.  From  partial  Amj*Hw  values 
of  aw  activity  in  binary  Ni-W  system  in 
approximation  of  regular  melts  are  designed.  Has 
appeared  that  they  find  out  small  negative 
deviations  from  Raoults  law.  For  Ni-Mo  melts  is 
earlier  studied  by  us  in  [1],  that  of  Mo  activity 
show  small  positive  deviations  from  ideal 
solutions.  This  implies,  that  melts  of  Ni-W 
system,  as  well  as  it  was  necessary  to  expect,  are 
not  regular,  and  their  components  should  show 
moderate  positive  deviations  from  the  Raoults 
law.  The  components  of  Al-W  melts,  are  more 
probable  than  everything,  will  show  similar 
behaviour.  As  Ni-Al  find  out  the  very  large 
negative  deviations  from  ideal  solutions,  in  the 
ternary  Ni-Al-W  system,  activity  of  components 
will  show  sign  changing  of  a  deviation  from 
ideality.  It  is  necessary  to  expect  negative 
deviations  from  ideality  for  alloy  components, 
which  structures  are  close  to  binary  boundary  Ni- 
Al  system,  namely  they  have  the  important 
practical  application.  We  extrapolated  defined 
enthalpy  of  mixing  of  binary  Ni  (Al)-W  systems, 
defined  in  an  interval  0<x({^0,3,  on  all 
concentration  interval,  were  based  on 
experimentally  defined  TCh  data  on  aluminium 
and  nickel-based  alloys,  and  also  standard 
enthalpy  of  intermetal  lies  formation.  Using  them 
have  simulated  enthalpy  of  mixing  of  ternary  Ni- 
Al- W  system  by  Bonier-Caboz  and  Tuppa  eqn. 
components  of  the  appropriate  ternary  systems.  In 
figure  are  given  isoenthalphy  of  mixing  for 
ternary  Ni-Al-W  melts.  The  comparison  of  the 
experimental  and  settlement  data  has  shown  that 
they  correlate  better  with  the  data  defined  on  the 
Tuppa  equation. 


Figure.  Points  of  isoenthalphy  of  mixing  for  Ni- 
Al-W  liquid  alloys  at  2000  K,  and  Tuppa  eqn. 
calculated. 

It  has  been  allowed  to  make  conclusions  about  an 
opportunity  of  correct  contribution  of  TCh 
properties  of  Ni-Al-M  systems  from  given  for 
double  boundary  systems.  Enthalpy  of  mixing  of 
the  investigated  ternary  system  smoothly  decrease 
from  alloys  of  system  Ni-Al  to  W  and  the 
minimum  on  this  surface  corresponds  to  area  of 
concentration  close  to  equi-atomic  to  an  Ni-Al 
alloy.  And  in  all  interval  of  concentration  enthalpy 
of  mixing  is  negative  (AH<0),  that  it  is  possible  to 
explain  by  determining  influence  of  properties  of 
system  Ni-Al  on  properties  of  ternary  Ni-Al-W 
system.  It  is  no  wonder,  as  interaction  between 
components  in  liquid  Ni  (Al)-W  alloys  is  small. 
From  known  isothermal  section  of  Ni-Al-W  state 
diagram  1523  K  is  clear,  that  ternary 
intermetallics  don’t  formed.  It  correlates  with 
defined  TCh  properties  of  the  investigated  ternary 
system.  Thus,  from  the  limited  quantity  of 
experimental  thermodynamic  given  for  binary 
boundary  systems  and  sections  of  ternary  melts  it 
is  possible  to  define  the  authentic  information  in 
all  a  concentration  interval.  It  is  especially 
important  for  practically  important  systems,  which 
contain  aggressive,  refractory  or  scarce 
components.  Besides  the  defined  in  such  a  way 
data  can  form  the  basis  specification  of  the  state 
diagrams. 

Reference: 

1 .  Sudavtsova  V.  S.  Metally  1 999  N°5  97 

2.  Sudavtsova  V.  S.,  Batalin  G.I.  Ukr  Khim  Zh. 
1989.55  2  144 

3.  Sudavtsova  V.  S.,  et  al,  Rasplavy.  1990  1  97 
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Materials  based  on  carbides  and  borides  of  transition 
metals,  are  refractory,  firm,  posses  high  thermal  and 
corrosion  stability,  but  often  are  fragile.  Therefore 
they  are  best  for  rendering  on  a  surface  for  working 
in  aggressive  environments. 

The  coverings  usually  are  obtained  from  a  gas  phase 
and  plasma,  by  ionic  and  detonation  sputtering  on  a 
surface  using  boron,  carbon,  nitrogen,  that  is  very 
expensive,  though  in  the  many  cases  highly  effective. 
For  this  case  it  is  necessary  to  develop  cheap,  but  in 
the  same  time  not  less  qualitative  methods  for 
obtaining  of  such  coverings.  Last  years  composite 
coverings  are  used  more  widely,  especially  based  on 
polymers.  We  obtained  a  number  of  composite 
coverings  on  a  basis  of  polymeric  compounds 
containing  powders  of  refractory  substance  additives. 
The  composite  coverings  were  prepared  from  various 
polymers:  polyurethane  (P),  Teflon  (TF),  silicon 
polyurethane  (SiP),  polyvinylic  spirit  etc.)  with 
addition  of  powders  of  refractory  compounds  (WC 
W2B5,  VC,  B4C,  TaC  etc.). 

Obtained  pastes  rendered  on  steel  plates,  the  plates 
previously  cleared  of  wastes  and  oils  by  a  chemical 
and  mechanical  way,  and  then  washed  out  by 
distilling  water.  The  pastes  were  fixed  by  paint  on 
plates  and  dried  at  room  temperature  within  day.  The 
coverings  on  basis  fluorine  plastics  (Teflon)  were 
heated  up  to  733  K  during  0,5  h. 

After  that  measurement  of  layer  thickness, 
microhardness  determination  was  proceeded.  The 
covered  samples  after  study  were  placed  in  the 
solutions  of  a  sulfuric  acid,  sodium  hydroxide,  in  the 
boric  acid  solution  and  distilled  water.  The  results  on 
resistance  measurement  vs  time  for  best  coverings  in 
various  environments  are  given  below. 


Table 


Coverings 

Stability  I 

H20 

20  mass  % 

h2so4 

20  mass  % 
NaOH 

h3bo3 

TF+WC 

4 

- 

- 

_ 

P 

+ 

- 

- 

_ 

p+w2b5 

+ 

+/- 

+/- 

4 

P+M03B 

4 

- 

4 

4 

p+b4c 

4 

4 

4 

4 

P+VC 

- 

- 

+/- 

P+WC 

- 

4 

+/- 

P+CrB2 

- 

4 

4 

P+C 

4 

- 

- 

4 

SiP+WC 

+ 

4- 

4 

4 

SiP+B 

+ 

+/- 

4 

SiP+B4C 

4 

4- 

4 

4 

SiP+W2B5 

* 

- 

4 

* 

+  stabile,  -  unsta 

ble;  +/-  stabile  more  than  1 

day,  *co!lodized 

It  is  observable  from  the  given  table,  that 
among  the  investigated  coverings  there  are 
such,  which  are  steady  in  acidic  or  alkaline- 
based  solution.  The  most  perspective  in  this 
respect  are  such  polymers  as  Teflon, 
polyurethane  and  silicon  polyurethane  because 
they  uncollodized  in  the  water  solutions. 
Therefore  it  is  necessary  to  develop  new 
compositions  on  the  basis  of  polymers,  which 
can  be  longtime-used  in  aggressive 
environments,  as  well  as  at  high  temperatures. 
As  many  coverings  should  work  up  to  700  K, 
we  studied  the  thermal  stability  of  the  all 
powdered  composites  in  isothermal  conditions, 
also  by  DTA-DTG  analysis  in  air  environment 
using  quasi  «Q-1500»  derivatograph.  It  is 
established  that  all  refractory  materials  - 
composites  were  thermal-proof  up  to  750  K. 
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The  properties  of  materials  (alloys)  in  a  wide 
interval  of  temperatures  and  pressure  can  be 
predicted  from  state  diagrams  of  appropriate 
systems.  As  the  construction  of  DS  is  a  complex 
experimental  problem,  they  are  expedient  for 
simulating  from  thermodynamic  properties  of 
various  solid  phases.  For  this  purpose  it  is 
necessary  for  modelling  to  defined  these 
properties  by  various  experimental  methods 
(EMF,  caloremetry,  Knudsen  effusion  and  etc.), 
even  by  narrow  concentration  interval. 

Carboborides,  siliconborides,  carbooxides  of 
aluminium  and  other  metals  widely  use  as 
abrasive,  heatproof  or  corrosion  resistive 
materials.  For  synthetic  methods  improving  and 
best  best  conditions  search  is  necessary  to  know 
physical-chemical  properties  of  binary,  ternary 
alloys,  one  of  most  important  among  them  is 
knowledge  on  liquid  state  thermodynamics.  For 
researchers  in  these  branch  especially  in  this  kind 
on  difficult-in-study  systems  the  liquid  state  is  the 
uneasy  task,  thus  several  prospect  techniques  for 
calculation  from  appropriate  binary  boundary 
systems  are  developed  now.  For  alculation  used 
Toop  and  Bonnier-Caboz  equations  because  they 
are  most  suitable  for  systems  forming  compounds 
in  the  solid-state.  For  this  purpose  were  defined 
using  isoperibolic  calorimetry  the  enthalpy  of 
mixing  in  alloys  of  binary  systems  A1  (Si)-B  at 
1873  K  and  0  <  xb  <  0,4  and  system  Si-C  at  2000 
K  up  to  Xc  <  0. 1  in  a  liquid  by  technique  described 
elsewhere  in  [1].  Initial  materials  used  are  silicon 
(KPS,  99.999%),  crystalline  boron  purified  by  r.f. 
heating,  spectral-pure  graphite,  and  aluminium 
AB-000.  As  boron  and  carbon  at  temperature  of 
experiment  are  in  a  solid  state,  from  thermal 
curves  were  defined  partial  and  integral  enthalpy 
of  dissolution,  which  have  recalculated  on 
enthalpies  f  mixing  for  process  of  alloys  formation 
from  liquid  Al(Si)  and  overcooled  liquid  B(C). 
For  this  purpose  used  enthalpy  of  heating  and 
melting  of  aluminium,  silicon,  carbon  and  boron, 
given  in  Hultrgen  handbook.  The  relative  errors 
integrated  and  partial  enthalpy  of  mixing  is  equal 
to  be  1-2  and  10%.  Processing  of  common 
experimentally  established  enthalpy  of  mixing  for 
these  systems  and  calculated  from  standard 


A/H°298  of  selected  compounds,  we  have  defined 
thermochemical  property  in  all  concentration 
range.  These  parameters  in  kJ/mol  at  the  given 
concentration  of  the  second  component  are  given 
in  the  table. 


Table 

Enthalpy  of  mixing  in  melts  of  binary  A1  (Si)-B,  A1 
(Si)-C,  B-C.  System  Al-B 


x,  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9 

System  -AH 

Al-B 

5 

9 

14 

17 

19 

20 

21 

15 

6,6 

Si-B 

2 

6 

10 

15 

20 

19 

16 

12 

7 

Al-C 

10 

18 

23 

28 

29 

27 

23 

18 

10 

Si-C 

13 

21 

28 

33 

36 

36 

34 

19 

9 

B-C 

10 

14 

15 

13 

11 

9 

8 

7 

3,5 

For  melts  of  systems  Al-C  and  B-C  the  modeling 
is  executed  in  view  of  dH  values  appreciated  from 
dfH298  (A1B2,  B4C).  Though  in  this  system  other 
compounds  -  AlBjo  are  formed  also,  A1Bj2  [8],  but 
for  them  are  not  established  dfH29g.  Therefore  we 
have  tried  to  predict  them.  Has  appeared,  that  they 
are  equal  to  be  -66  and  -78  kJ/mol,  accordingly. 

It  is  visible,  that  for  all  systems  in  a  liquid 
condition  are  characteristic  moderate  exothermal 
effects  of  alloy  formation.  It  is  no  wonder,  as  all 
components  have  close  radiuses  and  properties, 
and  in  periodic  system  are  located  beside. 

It  is  a  little  more  exothermal  dH  for  melts  of 
system  Si-C,  in  which  the  most  refractory  and 
stable  compounds  SiC  is  formed. 

Very  perspective  there  is  a  prediction  of  physical- 
chemical  properties  of  melts  of  ternary  systems, 
especially  because  their  of  refractory  properties, 
fugitively  it  is  difficult  to  investigate  now.  We 
have  executed  accounts  of  enthalpy  of  mixing  in 
melts  of  ternary  systems  Al-Si-B  (C),  A1  (Si)-C-B 
using  Toupee  and  Bonier-Caboz  eqn.  in  all 
interval  of  concentration,  using  most  reliable 
thermochemical  properties  for  binary  boundary 
systems  (for  results  see  figure)  It  is  observed  that 
small  thermal  effects  characterize  all  of  them.  The 
minim  on  surfaces  of  enthalpy  of  mixing  of  these 
systems  have  on  binary  alloys  A1  (Si)-C.  It  is  not 
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surprising,  as  enthalpy  of  mixing  in  the  A1  (Si)-B- 
C  system  reach  the  extreme  to  be  equal  to  -30  and 
-36  kJ/mol.  It  is  caused  by  strongest  interpartial 
interaction  between  different  by  sort  atoms,  which 
is  characteristic  for  these  binary  boundary 
systems,  and  fact  that  these  systems  formed  any 
stable  ternary  compounds.  As  if  to  melts  of 
ternary  systems  Al-Si-B  (C),  the  minimum  on 
enthalpy  of  mixing  is  necessary  on  average 
concentration  area  with  \B  equal  to  0,4-0, 7.  Those 
alloys  of  binary  boundary  systems  A1  (Si)  cause  it 
-B  is  characterized  approximately  by  identical 
interpartial  interactions.  Therefore  on  a  surface 
enthalpy  of  mixing  there  is  a  dim  plateau  of  a 
local  maximum.  It  is  possible  to  make  from  this  a 
conclusion,  that  in  these  systems  the  unstable 
ternary  compounds  can  be  formed. 


C 

Figure.  Plot  of  isoline  (points)  for  calculated  and 
studied  Al-Si-B  systems. 


For  alloys  using  in  a  wide  concentration  and 
temperatures  range  it  is  necessary  to  know  the 
state  diagrams  of  appropriate  systems.  Now  phase 
balance  in  binary  systems  are  well  studied  and 
critically  analyzed,  that  cannot  be  told  about 
situation  in  the  ternary  or  more  complex  alloys. 
Phase  equilibrium  has  been  calculated  on  the  base 
of  thermodynamic  properties  of  stable  and 
metastable  phases  in  studied  systems.  A 
combination  of  phases  with  a  global  minimum  of 
free  Gibbs  energy  equilibrium  and  their 
characteristics  used  for  state  diagram  graphical- 
fitting.  The  values  of  free  Gibbs  energy  of 
transformations  for  pure  components  were 
borrowed  from  literature  data.  It  has  been 
established,  that  designed  and  experimentally 
constructed  diagrams  for  studied  systems  are  in 
good  agreement  among  themselves. 

In  isoperibolic  calorimeter  were  determined 
partial  and  integrated  enthalpy  of  mixing  of  binary 
Aluminium(Silicon)-Boron  systems  liquid  alloys 
at  1873  K  and  at  2000  K  for  Silicon-Carbon  one. 
All  enthalpies  of  mixing  are  exothermal  and 
relatively  small  by  eigenvalues,  which  is  in  a  good 
agreement  with  literary  data.  Enthalpy  of  mixing 
for  Metal-Boron  (Carbon)  alloys  was  calculated 
from  AyH°298  for  metals  borides  and  carbides.  The 
mixing  enthalpy  concentration  dependence  for 
liquid  ternary  alloys  of  Al,  Si,  B,  C-based  systems 
is  defined. 


[1]  V.S.  Sudatsova,  V.G.  Kudin,  Inorg.  Mat  2001 
37  396. 
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INTRODUCTION 

The  metal  glasses  obtained  by  rapid  quenching  of 
multi  component  liquid  alloys  always  contain 
metal  nanoscaled  crystallites  dispersed  into 
amorphous  matrix.  In  such  a  way  materials  with 
high  mechanical  stability,  thermal  proof,  and  also 
unusual  electrical  properties  are  received  [1-3]. 

The  interaction  of  metal  particles  with  ionic 
liquids  (high-temperature  molten  salts)  is 
accompanied  by  their  partial  oxidation  with 
formation  of  various  cluster  groups  containing 
metals  in  low  oxidation  states.  The  fast  cooling 
led  to  incorporation  of  metal  clusters  groups, 
which  can  be  united  in  a  circuit  or  grids  in  glassy 
oxide  matrix.  That  is  one  of  possible  ways  for  a 
new  class  of  refractory  composite  materials 
creation. 

RESULTS  AND  DISCUSSION 

Our  research  in  this  area  is  concentrated  on 
synthesis  of  metallized  nano  composites  in  glassy 
oxide  matrix  using  systems  MxOy-Mo-Mo03  and 
MxOy-W-W03  (where  M  -  s-  or  d-  metal), 
containing  small  amount  of  /7-elements  oxides  (it 
is  usual  B,  Si,  P,  Ge)  as  admixture. 

Processing  of  initial  components  in  conditions  of 
high  pressure  and  high  temperature  (4-7  GPa, 
1073  K)  with  future  fast  cooling  of  the  system 
was  used  for  composite  synthesis. 

The  size  of  tungsten  and  molybdenum  metal 
inclusions  in  the  glassy  matrix  changes  from 
atomic  units,  clusters  up  to  nm-scale  particles 
(see.  a  fig.  1)  depending  on  stoicheometry  of 
initial  composition,  dispersion  of  substances, 
temperature,  pressure,  and  interaction  technique. 

Obtained  metallized  composites  were 
characterised  by  X-ray  diffraction,  also  ESR,  and 
XPS.  The  study  by  scanning  and  transmission 
electronic  microscopy  (SEM,  TEM)  also  was 
carried  out.  The  properties  of  the  obtained 


samples  i.e.  mechanical:  micro  hardness,  crack 
resistance;  thermal  stability,  electrical 
conductivity  were  studied. 


Fig.  1 .  Morphology  of  inclusion  in  glass  of 
system  Ba0-W-Si02-W03,  TEM  microphoto. 

The  comprehensive  information  on  initial  systems 
melts  properties  is  necessary  for  the  directed 
synthesis  of  metal-oxide  composites:  viscosity, 
melting  temperature,  overcooling  liquid 
temperature,  enthalpy  of  mixing,  glass  forming 
ability  and  tendency  [4,  5].  For  the  subsequent 
modelling  of  processes  in  the  melt  we  defined 
state  diagrams  and  thermodynamic  properties  of 
pseudo  binary  boundary  systems  MxOy-Mo03  and 
MxOy-W03  and  also  number  of  sections  of  MxOy- 
Ge02-W03,  Mx0y-Ge02-Mo03,  MxO.,-Si02-W03, 
Mx0y-Si02-Mo03,  MxOy-B203-Mo03,  MxOy- 

B203-W03  systems  has  been  investigated. 

The  tendency  to  amorphization  in  mentioned 
systems  was  estimated  according  to  criterion 
GFT,  by  Zielinski  and  Matyja  [6].  The  formula  for 
the  analysis  of  the  tendency  to  amorphization 
when  melt  enclosed  pseudo-binary  MnOm 
associates  in  multi  component  systems  is 
proposed: 
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GFT  =  -0,434! 


In 


\  2Am,,//(z)N 

RT 


RTm. 


1  (  N  \ 

+  — (1  -  z)mt"  •  In  ——2— 

L  3  [m  +  nj 

where  z  -  is  a  third  component  mole  fraction,  T a 
temperature  of  overcooled  liquid,  A„,„H(z)  is  a 
concentration  dependence  of  mixing  enthalpy;  Na 
is  Avogadro's  number,  m+n  are  the 
stochiometrical  coefficient  of  cluster  composition. 


CONCLUSIONS 


The  new  class  of  refractory  composite  materials 
containing  metal  cluster  groups  in  glassy  oxide 
matrix  is  synthesised.  The  thermodynamic 
properties  of  initial  systems  melts  were  estimated. 
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The  texture  essentially  influences  corrosion 
properties  of  tubes  from  titanium  and  alloys  on  its 
basis.  Most  proof  appear  pipes  with  the  texture  of 
a  central  basic  type,  i.e.  with  an  arrangement  of  a 
basic  plane  parallelly  surfaces  of  a  wall  of  a  tube. 
We  explore  influence  of  a  texture  on  stability  of 
tubes  from  alloys  OT4  and  OT4  -  1  (system  Ti- 
Al-V)  depending  on  its  basic  parameters  (blanket 
dispersion,  amount  of  deflection  of  maximums  of 
pole  density  and  their  arrangement  -  in  an  axial  or 
tangential  direction),  and  also  the  technological 
plan  of  reception  of  tubes  with  a  sharp  texture  is 
designed. 

The  development  of  the  plan  of  reception  of  a 
sharp  texture  in  explored  alloys  was  carried  spent 
previously  on  leaf  materials.  The  Initial  alloys 
leaves  and  trumpet  purveyances  got  by  ingots 
processing  after  double  arc  vacuum  fusion.  Then 
the  ingots  exposed  to  homogenizing  annealing  in 
atmosphere  high  clean  of  argon  and  by 
consequent  cooling  with  stove,  whereupon  them 
exposed  to  division,  a  surface  cleaned  out. 

A  Cold  leaves  rolling  took  on  laboratory  rolling 
figure  with  smooth  cylindrical  felling,  trumpet 
purveyances  on  experimental  figure  of  cold  tubes 
rolling.  Texture  of  initial  purveyances  is  the 
separate  domains  of  raised  pole  closeness 
asymmetric  pole  figures  distributed  on  all  area. 
On  elementary  stages  of  warm  deformation  (15  - 
20%)  takes  place  some  regulating  texture  and  her 
reinforcement  attached  to  augmentation  of 
deformation  to  40-  50%. 

Has  appeared,  that  the  most  suitable  initial  texture 
is  the  rather  feeble  texture  of  a  central  basic  type 
with  a  strong  blanket  dispersion  both  in  a 


direction  rolling  (DR),  and  in  a  transverse 
direction  (TD)  to  DR,  however  dispersion  in  TD 
should  surpass  a  dispersion  in  DR  not  less  than  in 
2  times.  Subsequent  rolling  should  thus  be  carried 
spent  in  new  DR,  conterminous  with  old  TD. 
Already  at  20-40  %  of  strain  under  such  plan  the 
texture  begins  will  become  aggravated,  and  the 
dispersion  decreases,  and  at  strains  ~  60  %  in  new 
DR,  it  practically  comes  nearer  to  circular.  The 
intensity  of  centre  of  a  pole  figure  is  sharply 
incremented  and  exceeds  initial  ~  2,5  times,  and  at 
the  deformation  degree  ~  80  %  in  3  times. 

At  rolling  of  tubes,  because  of  difference  of  the 
plan  of  the  intense  state  (taking  into  account  also 
features  tube-rolling  mill)  the  quantities  of 
deformation  degree  are  displaced  on  5-15%. 
Besides  it  is  necessary  to  take  into  account  and 
degree  of  strain  not  only  on  thickness  of  a  wall, 
but  also  on  a  diameter.  It  is  important  as  well  to 
maintain  acceptable  parameters  of  structure  which 
can  be  levelled  by  realization  extra  annealing 
(however  annealing  can  give  in  decrease  of 
stability). 

The  changes  of  a  texture  in  tubes  (as  well  as 
similar  changes  in  leafs  at  realization  of  prestress 
examinations)  were  analysed  with  the  help  the 
texture  of  parameters,  that  enables  in  a  self-acting 
mode  conduct  the  check  of  changes  of  a  texture  at 
rolling.  At  the  same  time  texture  parameters  have 
a  high  correlation  with  changes  of  an  anisotropy 
of  properties  in  tubes,  that  enables  to  estimate 
their  anisotropy  during  manufacture  and  to  work 
up  the  recommendations  on  improvement  of  tubes 
production  technology  from  explored  alloys  with 
made  better  operational  descriptions. 
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Carbon-carbon  (c/c)  composites  consist  of  a 
carbonaceous  matrix,  reinforced  with  carbon 
fibers.  The  matrix  is  formed  using  successive 
cycles  of  carbonization  of  high  carbon  yield 
resins.  The  enhanced  mechanical  properties 
combined  with  thermal  endurance  of  c/c 
composites  find  their  applications  in  cases 
where  extreme  environments  of  heat  and 
stress  exist  like  in  aerospace  and  rocket 
engines.  Difficulties  of  mechanical  processing 
of  high-strength  c/c  composites  have  caused 
laser  cutting  application.  Efficiency  of  laser- 
material  interaction  depends  on  the 
reflectivity  of  the  ablating  material  surface  at 
the  laser  wavelength  and  any  meaningful 
modeling  of  this  materials  laser-ablation 
process  requires  accurate  reflectivity  data. 
There  for  the  directional-hemisphericai 
reflectance  at  10.6  pm  of  c/c  composites 
during  its  heating  on  air  by  CW  C02-laser 
radiation  was  measured.  Three  modification 
of  this  material  were  investigated  without  an 
oxidation  protection,  and  with  two  types  of 
protections.  The  investigated  materials 
density  was  1,2- 103,  1,7103  and  1,8*103  kg/m3 
accordingly. 

The  samples  20x20  mm  with  a  standard 
thickness  4  mm  where  placed  in  the  center  of 
integrating  sphere  and  exposed  under  a  ~  1 50- 
watt  CW  CC>2-laser  beam  focused  to  three 
different  spot  sizes  ~  12;  8  and  1  mm.  The 
incident  radiation  intensity  q  was  90;  200  and 
16  000  W/cm2  accordingly.  During  the 
treatment  and  reflectance  measurement,  the 


target  temperature  was  simultaneously 
recorded  by  thermocouple  on  the  rear  side  of 
the  sample. 

It  is  summarized,  that  reflectance  Ro  of  the 
investigated  composites  before  laser  treatment 
have  essential  disorder  of  values  for  different 
samples  of  the  same  material.  The  greatest 
disorder  of  reference  is  characteristic  for  less 
dense  material.  Therefore  change  of  the 
investigated  materials  reflectance  Ri0, 6  during 
laser  influence  is  convenient  to  characterize 
by  relation  of  the  current  values  of  reflectance 
to  initial  one  R0  for  each  sample  (/?]o6//?o)- 

Increase  of  R\oe/Ro  for  all  investigated  c/c 
composites,  heated  by  C02-laser  radiation 
with  a  power  density  90  W/sm2,  is  uniquely 
connected  with  materials  temperature  rise  and 
apparently  is  caused  by  thermal  activation  of 
electrons  from  the  valency  zone  to  the 
conductive  zone.  However,  the  reflectance  of 
the  c/c  composites  depends  on  the  perfection 
of  the  structure  so  as,  from  the  material 
porosity,  the  admixtures  and  surface  relief 
also.  Reduction  of  the  surface  porosity  with  a 
pore  size  more  than  10  pm  during  material 
shrinkage  at  the  laser  heating  may  increase 
R\o.6^Ro  too.  The  investigated  c/c  composites 
reflectance  change  at  the  incident  power 
density  over  200  W/sm2  depends  not  only  on 
material  temperature,  but  also  from  its 
modification  and  incident  power  density. 
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Multicomponent  hydride-forming  alloys  of  the 
AB5  and  AB2  types  based  on  rare-earth  metals  and 
zirconium  are  widely  used  as  perspective 
electrode  materials  of  nickel/metal-hydride 
storage  cells.  These  alloys  show  different 
behavior  during  electrochemical  hydriding- 
dehydriding.  The  alloys  with  similar  bulk 
characteristics  (e.g.,  equilibrium  hydrogen 
pressure  and  hydrogen  capacity)  may  exhibit 
different  real  electrochemical  activity  because  of 
different  surface  states.  The  main  process  that 
influences  alloy  activity  is  the  formation  of  thin 
surface  oxide  layer  and  related  element 
redistribution  during  exposure  of  the  alloys  to  air. 
However,  the  above  process  has  not  been 
sufficiently  investigated  for  the  mentioned 
multicomponent  hydride-forming  alloys. 

Difference  between  surface  energies  of 
the  components  and  their  affinity  with  oxygen 
may  cause  different  content  and  charge  states  of 
atoms,  which  are  catalysts  in  the  reaction  H2  o  H 
+  H,  in  surface  layers  of  Zr-  and  rare-earth-based 
alloys  exposured  to  air  [1,2].  As  a  result,  these 
alloys  will  possess  different  electrochemical 
activity.  Polarization  measurements  allowed  to 
evaluate  activity  of  different  alloys  at  initial 
stages  of  hydriding-dehydriding  [2].  The  X-ray 
photoelectron  spectroscopy  (XPS)  method  reveals 
information  about  chemical  states  of  atoms  that 
are  catalytically  active  centers  and  atom  centers  in 
the  surface  layer  [3-7]. 

The  purpose  of  the  present  investigation 
was  to  study  correlation  between  surface  chemical 
states  and  electrochemical  activities  of  alloys  of 
the  AB5  and  AB2  types  and  to  determine  the 
influence  of  the  composition  and  structure  of  the 
surface  oxide  layer  and  different  elements  in  this 
layer  on  the  activity  of  alloys  during 
electrochemical  hydriding  and  dehydriding. 

The  studying  alloys  were  the  following: 
LaNi4  5AI0.5,  Zro.59Tio.41Nio.7gV  o.53Cro.22Feo.2Coo.27 
and  Zro9VCoo.55Nio.55-  The  alloys  have  been 
prepared  by  arc  melting  [2],  For  the  XPS 
measurements,  powders  of  these  alloys  were 


pressed  to  obtain  pellets  with  d  =  10  mm,  h  =  2 
mm.  The  XPS  spectra  were  derived  with  an  ES- 
2401  spectrometer  at  2x1 0‘7  Pa  using  Mg  Ka 
radiation.  The  polarization  measurements  were 
carried  out  using  an  impulse  potentiometer  PI-50- 
1  over  the  range  -0.2  V  to  -0.95  V  in  the  alkaline 
electrolyte  (30%  KOH  solution).  The  three- 
electrode  cell,  Hg/HgO  comparative  and  nickel 
counter  electrodes  were  used.  Negative  electrodes 
were  the  hydrogen-sorption  alloys  studied.  The 
electrodes  were  prepared  by  cutting  plates  from 
the  alloys  ingot  or  by  pressing  pellets  (d  =  10  mm, 
h  =  1.5  mm).  The  pellets  were  pressed  from 
powders  of  the  arc  melting  alloys  (p  «  1.5  xlO7 
Pa). 

The  XPS  Zr  3d,  Ti  2p,  Ni  2p,  Ni  3p,  Mn 
2p,  V  2p,  Co  2p,  C  Is  and  O  Is  core-levels 
spectra  for  the  Zr-based  alloys  were  recorded,  and 
La  3d,  Ni  2p,  Ni  3p,  A1  2p,  O  Is  and  C  Is  spectra 
for  the  LaNi45Al05  alloy.  The  XPS  analysis  of 
specimens  in  initial  states  (i.e.,  exposed  to  air  for 
a  long  time)  showed  that  the  spectra  of  Ni,  Co 
and  V  are  almost  not  detected  [2,7],  As  shown  in 
our  previous  works  [1,7],  on  the  surface  of  the 
zirconium-based  alloys  Ni  is  covered  by  the 
compact  layer  of  Zr  (or  Ti)  oxides  and  only  its 
destruction  may  lead  to  alloy  activation.  In 
surface  layers  of  the  alloys  investigated,  the  Ni 
atoms  are  observed  after  Ar+  cleaning.  When  the 
Zr-based  specimens  were  exposed  to  air  (1  h  or  24 
h)  after  Ar+  cleaning  of  their  surfaces  the  quantity 
of  the  nickel  atoms  in  oxidized  states  increased  in 
comparison  with  those  in  metallic  state  [1,2,7]. 
The  part  of  the  atoms  in  Me0  states  in  surface 
layers  of  the  alloys  exposed  to  air  decreases  in  the 
sequence  Ni,  Co,  V.  In  the  zirconium-based  alloys 
investigated  after  their  cleaning  and  exposing  to 
air,  Zr  and  Ni  atoms  are  mainly  in  oxidized  states. 

Results  of  the  XPS  studies  have  been 
compared  with  data  of  polarization  measurements 
as  well  as  the  electrochemical  behaviors  of  the 
alloys  over  the  potential  range  -0.95  V  <  E  <  -0.2 
V  [2].  These  measurements  allowed  to  evaluate 
the  alloys  activity.  A  course  of  cathodic  curves, 
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especially  in  initial  area  of  small  currents,  should 
reflect  initial  states  of  surfaces,  and  first  of  all 
presence  of  active  centers  [2,7].  The  more  such 
centers  on  the  surface,  the  higher  activity  and  less 
overpotential  at  certain  cathodic  currents.  Thus 
the  activity  of  the  initial  surface  can  be 
characterized  by  an  inclination  of  cathodic  curves 
especially  in  their  initial  area.  The  higher  activity, 
the  more  flat  course  of  these  curves. 

A  course  of  curves  in  the  region  of  small 
currents  indicates  that  activities  of  the  zirconium- 
based  alloys,  Zr059Ti041Ni07sV0.s3Cr022Fe0.2Con  21 
and  Zro.9VCoo.55Nio.55,  are  smaller  than  that  of  the 
alloy  LaNi45Alo.5  [2],  The  XPS  analysis  of  the 
specimens  in  initial  states  (i.e.,  exposed  to  air  for 
a  long  time)  showed  that  the  spectra  of  Ni,  which 
is  the  most  active  catalyst  of  the  processes  of  H2 
o  2H  dissociation,  could  be  measured  in  the  case 
of  the  alloy  LaNi45Al0.5,  nevertheless,  these 
spectra  could  not  be  practically  detected  in  the 
case  of  the  zirconium-based  alloys  (for  more 
detailed  information  see  Refs.  2  and  7).  This  fact 
can  be  explained  if  we  suppose  that  on  the  surface 
of  the  zirconium-based  alloys  Ni  is  covered  by  the 
compact  layer  of  Zr  oxides  and  only  destruction 
of  this  layer  may  lead  to  alloy  activation.  Creation 
of  this  compact  layer  that  covers  Ni°  plays  the 
important  role  in  decreasing  activity  of  the  Zr- 
based  alloys  investigated. 

Comparison  of  the  XPS  spectra  of  the 
rare-earth-  and  zirconium-based  alloys  exposed  to 
air  for  a  long  time  [1,7]  allowed  to  choose  the 
most  important  factor  which  couse  fast  activation 
of  the  alloy  LaNi4  5Al0  5  as  compared  with  the 
zirconium-based  alloys.  This  factor  is  that,  the 
oxidized  layer  La203  is  broken  on  the  surface  of 
the  LaNi4JAl05  alloy,  therefore,  this  layer  is 
permeable  for  molecular  hydrogen.  The  XPS  Ni 
2p  core-level  spectra,  which  could  not  be  detected 
for  the  zirconium-based  alloys  [2,7],  could  be 
measured  for  the  LaNLuAlo.s  alloy  due  to 
brokeness  of  the  La2C>3  oxidized  layer  (i.e.,  due  to 
its  islet-type  form).  It  should  be  noted  that  a 
significant  part  of  the  Ni  atoms  on  the  initial 
surface  of  the  LaNi4  5Al0  5  alloy  are  in  the  Ni° 
state.  Ni  atoms  in  the  Ni°  state  are  the  most  active 
centres  on  which  hydrogen  dissociative 
chemisorption  is  realized.  These  centers  are 
weakly  blocked  by  carbon-  and  oxygen- 
containing  structures  absorbed  on  the  alloy 
surfaces.  Amount  of  these  structures  on  the 
surface  of  the  LaNi45Alo5  alloy  is  larger  as 
compared  with  those  on  the  Zr-based  alloys. 


The  two  types  of  selected  area  electron 
diffraction  of  the  Zr-based  alloys  exposed  to  air  in 
the  form  of  diffraction  rings  were  observed.  The 
first  one  was  obtained  from  thin  films  attached  to 
the  edge  of  bulk  alloy  and  attributed  to  TiOx  with 
cubic  structure.  The  second  one  was  derived  from 
the  edge  of  bulk  alloy  in  the  form  of  very  diffuse 
rings  attributed  to  rutile-like  structure  [2,7], 

In  conclusion,  it  should  be  mentioned 
that,  the  present  study  revealed  some  correlation 
between  data  of  the  polarization  measurements 
and  the  XPS  investigations.  These  data  indicate 
that,  a  course  of  cathodic  curves,  especially  in 
initial  area  of  small  currents,  reflects  an  initial 
state  of  the  surface,  and  first  of  all  the  presence  of 
active  centers.  The  present  study  and  some  of  our 
previous  investigations  indicated  that,  the  alloy 
that  contained  on  its  surface  the  greatest  amount 
of  catalytically  active  centers  observed  by  the 
XPS  technique  (e.g.,  segregation  of  the  nickel 
atoms  in  the  metallic  state,  Ni°)  possesses  the 
more  flat  polarization  curve  in  the  range  of  small 
currents  as  well  as  the  smaller  potential  at  the 
same  cathodic  currents.  These  alloys  are  the 
studied  rare-earth-based  alloy  that  displays  higher 
electrochemical  activity  as  compared  with  those 
of  the  zirconium-based  alloys.  It  is  general  for  the 
studied  zirconium-based  alloys  that  on  their 
surfaces  Ni°  is  covered  by  the  compact  layer  of  Zr 
(or  Ti)  oxides  and  only  destruction  of  this  layer 
may  lead  to  alloy  activation. 
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Polymer  based  composition  materials  are  widely 
exploited  in  moisture  medium.  Due  to  their  value 
properties  (anticorrosion  stability,  small  weight, 
simplicity  of  making  etc)  they  are  often  non- 
alternative  in  practice. 

Epoxy  and  polyether  resins  based  composition 
materials  play  important  roll  in  various  industry 
branches. 

However,  machine  details  from  such  materials 
change  essentially  their  geometric  dimensions  and 
physico  —  mechanical  properties  under  action  of 
moisture.  As  it  was  shown  after  10  days 
exploitation  in  moisture  medium  the  polymer 
samples  increased  their  dimensions  because  of 
smelling.  Simultaneously  a  bending  strength  was 
lowered  in  1,5  -  1,7  times. 

An  influence  of  the  fillers  hydrophobisation  by 
the  polyorganosiloxanes  on  compositiom 
materials  properties  was  investigated  with  using 
marshalit  and  tripoly. 


As  hydrophobic  substance  the 
polyethilenhydrosiloxane  liquid  GKG  -  94  was 
used. 

The  treatment  in  a  ball  mill  showed  considerable 
influence  of  the  polyorganosiloxane  addition: 
spesific  surface  of  the  fillers  was  increased  from 
360  to  1540  cm  2/g. 

It  was  determined,  that  0,16  %  the  hydrophobic 
addition  was  optimum.  It  was  showen,  that  after 
the  GKG  -  94  addition  the  moistureabsorbtion  of 
the  investigated  fillers  and  the  polymer 
compositions  decreased  in  2,2  -  2,6  times. 

It  was  established,  that  an  existence  of  the 
siliconorganic  additions  in  compositions  led  to  the 
bending  strength  rise  with  a  modificator  content 
increasing.  A  general  increase  of  the  filled 
compositions  strength  was  equal  22  -  31  %. 

Results  of  these  investigations  show,  that  fillers 
modification  with  the  polyorganosiloxanes 
improve  properties  of  composition  materials 
because  of  their  hydrophilic  reduction. 
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Fluoride  of  calcium  (fluorite,  CaF2)  is 
successful  applied  in  hard-loading  pair  of  abrasion, 
where  the  classical  solid  lubricants  appear  low- 
effective  [1],  It  is  determined  by  its  thermo¬ 
dynamic  stability  at  heightened  temperatures  and 
appropriate  physical-mechanical  characteristics: 
high  hardness  in  a  combination  to  brittleness,  that 
promotes  simplification  run-in  of  surfaces  of 
abrasion,  hardening  of  working  layers  and 
decreasing  of  their  wear.  The  positive  influence  of 
the  addition  of  fluorite  cm  endurance  of  sliding 
electrical  contacts  on  the  basis  of  bronze  in  high¬ 
speed  thermal-loaded  current-collecting  device  [2] 
and  silver  -  in  current-collecting  devices  of  a 
heightened  resource  [3]  is  also  marked. 

The  aspiration  to  a  miniaturization  of 
products,  and  also  economy  of  precious  and  scarce 
materials  reduces  in  necessity  of  application  of 
coatings  instead  of  integral  all-metal  details.  Thus 
in  the  field  of  an  electrical  engineering  and  the 
electronics  engineering  alongside  with  galvanic 
coatings  a  wide  circulation  have  received 
electrospark,  which  plot  on  the  details  from  copper 
or  its  alloys. 

The  purpose  of  the  present  work  was  a 
research  tribotechnical  and  electric-contact 
properties  of  electrospark  coatings  from  a 
composition  Ag-CaF2. 

As  fluorite  is  an  insulator,  and,  besides,  is 
badly  witted  with  silver,  the  drawing  of  an 
electrospark  layer  from  this  composition  on 
materials  with  a  high  thermal  conductivity  in  usual 
conditions  is  connected  to  the  large  difficulties.  At 
the  same  time  it  is  revealed,  that  the  lowering  of  a 
gradient  of  temperature  on  depth  of  a  treated 
surface  conducts  to  normalization  of  process  of  a 
deposition  of  a  layer.  Therefore  we  accepted 
additional  measures,  which  have  allowed  to 
receive  on  details  from  copper,  manufactured  as 
rivets,  electrospark  working  layer  by  thickness  of 
0.45  microns  in  the  central  part  and  up  to  0,30 
microns  -  on  a  rim,  fig.  1. 

The  coatings  plotted  cm  second  of  operation 
conditions  of  installation  "Elitron-22  A"  during  the 
3rd  min  on  each  detail,  then  a  surface  layer 
flattened  by  a  steel  ball,  which  is  fixed  in  the 
vibrator  of  the  installation  "Ml-641'’. 


Mass  wear  of  the  coating  determined  by 
weighing  on  analytical  weight  of  the  mark 
BJIA-200-M. 


Fig.  1  -  Microstructure  of  an  electrospark 
coating  from  a  composition  Ag-CaF2 

The  investigations  carried  out  by  the 
machine  of  friction  on  a  technique  stated  in  [4], 
The  rings  from  beryllium  bronze  served  as 
contrary-body.  Test  specifications:  speed  of  sliding 
of  rings  V  =  0,5  m/s;  contact  pressing  Nk=  1,0  N;  a 
path  of  friction  L  =  10  km. 

The  results  of  investigations  have  shown, 
that  the  values  of  friction  factor  of  the  examined 
pairs  are  reduced  during  first  50-100  m  of  a  path 
from  0,1  up  to  0,06  and  further  remained  rather 
stable  (0,05  ...  0,07).  As  a  result  run-in  on  a 
working  surface  of  a  coverage  the  platform  is 
shaped  round  which  ambassador  of  1  km  of 
abrasion  path  has  a  diameter  ~  of  0,5  mm. 

The  ambassador  of  10  km  of  friction  path 
the  sizes  of  a  working  trace  on  a  surface  of  a 
coverage  increased  up  to  1,0  ...  1,2  mm,  fig.  2.  At 
the  same  time  the  common  loss  of  a  mass  of  a 
coverage  defined  by  weighing,  for  all  time  of 
investigations  has  made  0,1  mg,  that  is  in  limits  of 
an  error  of  weight. 

After  long  operation  on  a  surface  of  a  track 
there  are  fine  scratches  caused  by  hit  of  separate 
alternate  corpuscle  fluorite  in  a  zone  of  friction. 
The  decoding  profilograph  of  the  working  trace 
which  has  been  removed  at  driving  indenter  across 
a  direction  of  friction,  fig.  3,  gives  a  value  of 
maximum  depth  of  the  scratches  at  a  level  ~ 

2  microns.  As  a  whole,  the  condition  of  a  trace 

412 


SECTION  D. 

STRUCTURE  AND  PROPERTIES  OF  MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


quite  satisfactory,  the  presence  of  films  on  its 
surface  visibly  is  not  revealed. 

Condition  of  a  surface  of  a  working  trace  in 
addition  was  evaluated  by  measurement  of  contact 
resistance  on  a  specially  developed  technique  [6], 


Fig.  2  -  Working  surface  of  a  coverage  after 
investigations  (L  =  10  km) 


Fig.  3  -  Profilograph  of  a  surface  of  friction  of  a 
coverage  from  a  composition  Ag-caF2  after 
investigations 

Fixing  of  values  of  a  voltage  drop  U  realized 
by  a  way  traverse  by  a  silver  focusing  prod  of  a 
working  surface  of  a  coverage  with  step  1  micron 
by  contact  pressing  0,5  sN.  The  voltage  between  a 
focusing  prods  and  investigated  surface  in  the 
broken  condition  made  100  mV. 


The  results,  which  introduced  in  a  fig.  4, 
testify  to  presence  on  a  surface  of  a  trace  of  areas 
with  different  conductance,  which  differ  on  an 
absolute  value  in  2-3  times.  Apparently,  it  is  a 
consequence  frictional  of  interaction  of  contacting 
surfaces  having  a  place  at  a  trial  on  endurance, 
which  has  reduced  to  local  film  structures  on  them. 
It  is  necessary  to  assume  that  their  nature  and 
thickness  do  not  call  complete  loss  of  conductance 
in  the  chosen  test  specifications. 

Thus,  the  carried  out  researches  confirm 
positive  influence  of  fluorite  inclusions  on 
serviceability  of  contact  details  on  the  basis  of 
silver. 
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HEAT  RADIATION  OF  LIQUID  METALS  AND  ALLOYS 


Panfilovitch  K.B..  Sagadeev  V.V.,  Shmagina  L.V.,  Golubeva  I.L. 

Kazan  State  Technological  University,  Kazan,  Russia 


The  radiation  heat  exchange  plays  a  determinative 
role  in  work  of  the  high-temperature  instruments 
and  installations.  Now  there  is  no  experimental 
base  of  data  about  the  radiation  of  liquid  metals 
and  alloys.  For  determination  their  emissitivity 
factors  it  is  offered  to  use  the  equations  of  the 
classical  electromagnetic  theory  in  some  works. 

There  are  no  clear  ideas  of  the  nature  of  change  of 
the  spectral  emissivity  of  metals  at  melting.  Ex¬ 
perimental  monochromatic  emissivity  factors  of  a 
number  of  metals  at  0,65  microns  do  not 
change  at  melting.  Authors  [1]  couldn’t  have  a 
single  meaning  if  the  emissivity  factor  eo,65  change 
generally  at  melting  of  molybdenum,  niobium, 
vanadium  and  titanium.  The  optical  constants  of 
iron  and  nickel  don’t  change  their  meaning  close 
to  visible  range  of  spectrum  too  [2,3],  In  work  [4] 
the  increasing  of  emissivity  factor  was  found  at 
melting  of  copper  eo,65  from  0,12  to  0,16.  The 
spectral  emissivity  by  the  measurements  of  the 
authors  rises  for  metals  and  decreases  for 
semimetals.  There  is  jump  on  80  per  cent  for  cop¬ 
per  (fig.  1). 


Fig.l  The  amissivity  factor  of  copper.  1 
—  our  measurements,  2  -  electromagnetic 
theory  calculation.  3  -  [71,  4  -  [51. 

The  ratio  of  the  emissitivity  factor  of  liquid  phase 
to  the  emissitivity  factor  of  solid  phase  at  melting 
temperature  was  measured  by  the  authors  in  the 
range  of  wave  distances  from  1 ,69  to  10,6  microns 
on  the  retrofit,  used  earlier  for  research  of  the  in¬ 
tegral  radiation  of  heat  of  liquid  and  solid  metals 
[6],  Parts  of  spectrum  were  cut  by  a  narrow-band 
filter.  For  Zn,  Cd,  Pb,  Sn  the  change  of  the  emis¬ 


sitivity  factor  at  melting  in  the  nearest  infra-red 
range  (1,69  microns)  isn’t  large  but  it  rises  sharply 
with  the  increasing  of  wave  distance  and  reaches 
value  9  =  2,39  at  ^  =  10,6  microns  for  Zn  (fig.2). 

In  case  of  semimetals  the  value  9  <  1  decreases 
with  wave  distance.  The  calculations  of  the  emis¬ 
sitivity  factor  with  the  help  of  electromagnetic 
theory,  considering  possible  to  use  it  for  liquid 
metals,  don’t  guarantee  adequate  accuracy.  There 
are  results  for  copper  in  solid  phase  being  in  a 
good  accordance  with  the  experimental  data 
(fig.l).  But  in  liquid  phase  they  are  understated  on 
35  per  cent. 

The  ratio  of  the  spectral  emissivities,  calculated 
from  the  formula  Hagen-Rubins,  practically 
doesn’t  depend  on  wave  distance  and  it  is  less 
than  1. 


Fig.2  -  The  value  9  for  zinc.  1  -  our 
measurements,  2  -  electromagnetic  theory 
calculation  (formula  of  Hagin-Rubins). 


The  heat  radiation  was  measured  for  alloys  of 
metals.  The  spectral  emissivities  of  Zn-Al  alloy 
have  the  same  values  e  in  the  solid  phase  (fig. 3). 
In  liquid  phase  they  considerably  diverge  due  to 
sharp  change  of  emissivity  factor  of  zinc  at  melt¬ 
ing  point.  The  emissivity  factor  of  Sn-Zn  melt  at 
low  temperatures  lightly  depends  on  structure 
(fig. 4)  this  dependence  vanishes  with  the  increas¬ 
ing  of  temperature.  In  experiments  the  metals 
were  used  in  which  the  content  of  the  main  sub¬ 
stance  was  99,999%  of  a  mass  fraction. 
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Fig.3  -  The  amissivity  factor  of  alloys 
of  zinc  with  aluminum  (mass  fraction): 
1  -0,8;  2  -0,6;  3  -0,5;  5  -0,2. 


Fig.4  -  The  amissivity  factor  Sn-Zn  al¬ 
loy.  Zinc  content  (mass  fraction):  1  - 
00.8;  2  M0,6;  3&40.5;  4)£  0,4;  9H  03>.Zn 


Fig. 5  -  Dependence  of  experimental 
data  (1,3)  and  electromagnetic  theory 
calculation  (2,4)  of  amissivity  factor 
of  alloys  Zn-Al  (a)  at  T  =  950  K  and 
at  T  =  700  K  on  structure. 


The  amissivity  factors  Zn-Al  and  Zn-Sn  melts 
depending  on  structure  don’t  change  additive 
(fig.5)  The  absolute  values  of  the  spectral  emis- 
sivity  of  liquid  alloys  calculated  with  the  electro¬ 
magnetic  theory  only  qualitatively  come  to  an 
agreement  about  experiment.  The  amissivity  fac¬ 
tors  of  liquid  alloys  depending  on  structure  repeat 
the  nature  of  change  of  specific  electrical  resis¬ 
tance.  It  turned  out  that  the  deviations  of  the  amis¬ 
sivity  factor  counted  with  the  reproduce  the  de¬ 
viations  from  additive  dependence  of  experimen¬ 
tal  data  of  amissivity  factors.  Therefore  it’s  possi¬ 
ble  to  carry  out  approximate  estimators  e  of  alloys 
with  the  help  of  E  of  pure  metals,  calculating  the 
deviations  from  additivity  from  the  electromag¬ 
netic  theory. 
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STRUCTURAL  PROPERTIES  OF  DETONATION-CREATED 
STEEL- ALUMINUM  BIMETALLIC  JOINTS 

Litvishko  T.N. 

State  Design  Office  Yuzhnoye,  Dniepropetrovsk,  Ukraine 


The  rocket-space  industry  uses  bimetallic  transfer 
elements  for  joining  parts  from  different  metals 
and  alloys.  So,  for  joining  aluminum  propellant 
tanks  and  titanium  pressure  vessels  with  ducts 
from  a  stainless  steel  the  bimetallic  elements 
steel-aluminum  and  steel-titanium  are  employed, 
for  joining  thruster’s  niobium  combustion 
chamber  with  an  injector  -  steel-niobium,  and  so 
on.  At  this  the  joint  of  bimetallic  layers  shall  be 
strong  and  very  often  shall  meet  some  specific 
requirements. 

The  Yuzhnoye  SDO  has  elaborated  and  mastered 
technology  of  bimetallic  joints  production  under 
use  of  explosion  welding.  The  paper  presents 
results  of  integrated  investigations  of  bimetallic 
joints  steel-aluminum  12X18H10T-A6-AMr6  and 
steel-copper-niobium  1 2X 1 8H 1 OT-M 1  - 

H65B2ML],  that  were  produced  in  order  to 
determine  criteria  of  layers  joining’s  reliability 
and  further  optimization  of  technological 
parameters  in  the  explosion  welding.  The 
investigation  has  been  performed  for  layers  of 
bimetallic  joints  produced  under  collision 
parameters  close  to  optimal  ones. 

This  investigation  was  performed  under  use  of 
light  microscopy,  microhardness  measurement, 
micro-roentgen-spectral  analysis,  raster  electron 
microscopy  and  technological  tests:  resistance  to 
layers  separation,  bending  by  an  angle  of  up  to 
90°,  ultrasonic  inspection  and  leak  test  with 
helium  leak  detector. 

The  quality,  phase  composition  and  structure 
characteristics  of  bimetallic  joints  are 
considerably  influenced  by  technological 
parameters  and  chemical  composition  of  metals  to 
be  welded. 

The  generalized  analysis  of  metallographic 
examination’s  data  has  shown  a  presence  of 
morphological  inhomogeneity  on  borders  between 
layers. 


separate  intermediate  inclusions  of  8-15  pm 
thickness  are  observed.  The  inclusions’ 
microhardness  is  Hp  =  2200... 7200  N/mm2.  The 
micro-roentgen-spectral  analysis  reveals  that  these 
inclusions  have  a  chemical  composition  differing 
from  initial  one  of  materials  to  be  joined.  The 
inclusions  have  up  to  88%  Al,  12%  Fe,  4%  Cr  and 
3%  Nb. 

Apparently,  the  intermediate  inclusions  may  be 
identified  as  a  finely  dispersed  mixture  of 
particles  from  A6  aluminum,  12X18H10T 
stainless  steel  and  inclusions  of  intermetallic 
phase  FeAl3.  The  latter  may  dissolve  up  to  4%  Cr 
and  partly  replaces  iron  by  nickel. 

The  border  between  AMr6  and  A6  has  a  regular 
waviness.  In  waves  troughs  and  crests  some 
intermediate  inclusions  are  found  with  a 
microhardness  HM  =  330... 660  N/mm2  of  the 
following  chemical  composition:  magnesium  of 

2. 7.. . 4. 2%,  manganese  of  0,4... 0,6%  and 
aluminum  as  a  rest. 

At  explosion  welding  the  near-border  layers  are 
strengthened.  The  microhardness  of  layers  is: 
12X18H10T  steel  -  H,,=2900  N/mm2,  A6 
aluminum  -  H4=280...330  N/mm2  and  AMr6 
aluminum  - 1^=800 . . .  1200  N/mm2. 

The  separation  strength  is  determined  by 
properties  of  A6  aluminum  and  consists  of 

86. .  .  1 10  N/mm2.  The  fractography  analysis  shows 
that  fracture  goes  along  the  A6  layer  and  has  a 
kind  of  viscous  mechanism  of  serpentine  spelling. 
The  forced  modes  of  explosion  collision  lead  to  a 
macro  separation  of  samples  observed  during 
emergence  of  a  crack  on  the  border  between 
12X18H10T  steel  -  intermediate  inclusions  -  A6 
aluminum  and  leap-type  development  of  the  crack 
in  a  direction  of  the  deformation. 

The  fracture  surface  along  the  layers’  separation 
AMr6-A6  is  relatively  uniform  in  its  structure  and 
has  an  appearance  of  small-cap-breaking.  The 
dimension  of  indented  facets  is  10-20  pm  and  this 


Bimetal  12X18H10T-A6-AMr6.  The  border 
between  layers  A6-12X18H10T  is  characterized 
by  smooth  waviness.  In  the  contact  zone  some 
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is  a  witness  of  metal  deformative  strengthening  in 
the  fracture  zone. 

Bimetal  12X18H10T-M1-H65B2MIJ.  There  are 
zones  of  various  etching  on  borders  between 
bimetallic  layers:  copper-niobium  -  80...  120  pm 
thickness,  copper-steel  -  40... 60  pm.  At  this  the 
microhardness  of  layers  grows:  up  to 
H^=3500...4250  N/mm2  for  niobium  and  up  to 
HM=2400...3100  N/mm2  for  steel;  in  the  copper 
layer  the  microhardness  grows  only  from  the  steel 
side  and  totals  H^=l  200. . .  1400  N/mm2. 

At  the  border  with  copper  the  niobium  is  more 
etchable  and  has  a  column-like  structure  of  grains 
with  variable  dispersivity.  The  column-like 
crystals  near  copper  has  a  thickness  of  less  than  1 
pm  and  at  a  distance  of  10-12  pm  they  are 
considerably  branched. 

The  copper  on  a  border  with  niobium  has  no 
visible  structure  changes,  and  on  a  border  with 
steel  its  grains  are  reduced,  and  a  homophased 
structure  is  violated.  In  the  copper  a  separation  of 
excessive  phases  is  observed,  which  phases  are 
diminishing  with  a  distance  from  the  steel  and 
often  they  decorate  copper  grains.  However, 
through  all  the  thickness  the  layer  with  changed 
structure  differs  from  initial  copper  having 
pronounced  deformative-bladed  structure. 

The  examination  of  inter-phase  distribution  of 
elements  has  revealed  a  presence  of  diffusive 


zones  on  both  borders  of  layers  separation.  The 
alloying  elements  of  stainless  steel  penetrate  into 
the  copper  to  the  depth  of  up  to  50  pm.  The 
copper’s  diffusion  into  niobium  totals  10-15  pm. 

The  strength  of  layers  breaking  off  is  200... 270 
N/mm2.  The  failure  goes  through  the  copper  layer 
at  a  distance  of  0,01... 0,05  pm  from  the  border 
with  steel.  The  failure  surface  is  presented  as 
facets  of  pit  type  with  traces  of  serpentine  sliding 
typical  for  the  viscous  type  of  breaking  off.  An 
emergence  of  combined  brittle  spelling  is 
characterized  by  pronounced  waviness  and 
stream-like  pattern  that  appear  in  materials 
subjected  to  a  twinning  during  deformation. 

So,  the  main  criterium  of  bimetallic  joints 
reliability  may  be  adopted  as  a  morphology  of  a 
surface  between  metal  layers,  which  is  formed 
during  explosion  action.  These  data  may  be 
determined  on  the  basis  of  statistical  processing  of 
results  obtained  at  metallography  and 
fractography  examinations  and  technological  tests 
of  samples.  The  phase  and  structure 
transformations  during  explosion  welding  have  a 
considerable  influence  on  a  quality  of  layers 
integration.  Their  influence  may  be  reduced  or 
eliminated  through  correction  of  explosion  load 
parameters,  as  well  as  through  application  of 
intermediate  metal  layers  on  the  border  of 
separation. 
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Evaporation  of  the  refractory  metals  in  ultrahigh  vacuum. 

Silantiev  V.I. 

Institute  for  magnetism,  NAS  of  Ukraine,  Kyiv,  Ukraine 


Evaporation  of  Mo,  W  and  Re  monocrystals 
has  been  studied. 

Differential  method  of  Lengmure  (evaporation 
from  open  surface)  permitting  to  anneal  at 
temperatures  up  to  3300  K  has  been  used  for 
investigations.  Evaporated  substance  was 
condensed  through  diaphragm  onto  changed  A1 
substrates,  which  were  cooled  by  liquid  nitrogen. 
The  condensate  weight  was  determined  by  scales 
with  accuracy  of  4.4T07g.  The  temperature  was 
changed  by  the  optical  micropyrometer  BHMEI-15 
with  the  error  ±0,5%.  Experiments  were  carried 
out  in  ultrahigh  vacuum  setup  with  sorption  pump, 
which  works  out  vacuum  of  ~MO'10  Pa.  Mainly 
hydrogen,  argon  and  a  negligible  amount  of 
N/+CO*  created  the  pressure  in  the  chamber.  At 
the  maximum  temperatures  the  pressure  did  not 
rise  above  10'7  Pa. 

The  residual  atmosphere  composition  at  all 
stages  of  experiments  was  controlled  by 
masspectometer. 

Monocrystal  samples  with  the  deflection  of 
crystallographic  planes  not  more  than  20-30'  were 
investigated.  The  influence  of  the  preliminary 
annealing  and  dissolved  gases  on  the  pressure  has 
been  studied.  Thus,  the  reproducible  data  for  the 
(110)  plane  of  molybdenum  were  achieved  only 
after  stepped  annealing  with  the  exposure  at  the 
T=2700  K  during  1  hour.  The  molybdenum  vapour 
pressure  in  the  temperature  interval  2300-2700  K  is 
lgP=9>41-  (3 1 900/T),  and  the  sublimation  energy  is 
146  kcal/mol.  These  values  coincide  properly  with 
calculated  ones  and  those,  obtained  by  the  other 
investigators. 

After  the  measurements  the  samples  aged  at 
room  temperature  during  24  hours,  then  the 
measurements  were  carried  out  again.  The  vapour 
pressure  was  increased  several  times  and  described 
in  terms  lgP=10,84-(34200/T)  and  the  sublimation 
energy  -  156  kcal/mol.  This  points  out  the 
formation  of  compounds  on  the  surface. 

The  preliminary  annealing  at  the  temperatures 
above  the  temperatures  of  measurements  was 
carried  out  for  another  samples  too  and  the  volume 
and  the  surface  were  cleared  out  of  the  gas  and. 
The  more  typical  alloying  admixture  in  metals  is 
the  carbon,  which  is  not  moved  out  by  annealing.  It 
possesses  limited  dissolution  in  the  refractory 
metals  and  its  concentration  on  the  surface  may 


reach  considerable  values  up  to  monolayer.  It 
results  with  the  carbon  on  the  surface  acquires 
positive  charge  what  leads  to  increase  of  the  bond 
energy,  in  ones  turn  this  must  cause  the  blocking  of 
the  sublimation  process. 

On  the  other  hand,  increase  of  the  carbon 
concentration  more  than  the  dissolution  limit  may 
lead  to  the  formation  of  carbides  and  cause  the 
increase  of  the  sublimation  velocities. 

In  detail  the  influence  of  carbon  was  studied 
in  W  monocrystals  with  the  (100),  (1 10)  and  (111) 
planes  oriented  parallel  and  perpendicular  the 
growth  axis  with  the  carbon  content  of  5  10‘3,  3-10' 

3  and  l-lO'3  weight  %  at  the  temperatures  2800-  ' 
3350K.  One  observed  the  anisotropy  of  the 
sublimation  properties  either  for  the  different 
planes  or  for  the  equivalent  planes,  but  different 
oriented  with  the  growth  axis.  Absolute  values  of 
the  sublimation  parameters  and  the  anisotropy 
depended  on  the  concentration  of  carbon.  The  less 
values  of  the  vapour  pressure  (-40%)  and  the 
increase  of  the  sublimation  energy  on  25  kcal/mol 
were  observed  for  the  small  amounts  of  carbon. 

After  the  decarburizing  annealing  of  these 
samples  during  20  hours  at  2100  K  and  under  the 
pressure  of  oxygen  ~  T 1 0  4  Pa  the  mentioned 
peculiarities  disappeared  and  obtained  data 
coincides  perfectly  with  the  calculated  curve.  The 
sublimation  energy  of  pure  W  equaled  175±1 
kcal/mol. 

We  did  not  succeed  in  the  perfect 
decarbonization  of  the  plane  (111)  of  tungsten;  it 
obviously  results  from  the  peculiarity  of  its 
structure  and  the  absorption  ability.  During 
evaporation  of  the  decarbonized  layer  the  noted 
peculiarities  appeared  again. 

The  rise  in  concentration  of  carbon  (10'2 
weight  %)  results  in  increasing  the  evaporation 
velocity  up  to  5  times  and  increasing  of  the 
sublimation  energy,  which  is  caused  by  the 
formation  of  carbides  on  the  surface. 

It  is  noteworthy,  that  the  decarbonization  is 
effective  for  the  small  amounts  of  carbon  (10'3 
weight  %).  The  perfect  decarbonization  of  the 
samples  with  the  high  concentration  of  carbon  was 
not  succeeded  and  their  characteristics  differ  from 
those  for  pure  tungsten. 

Dissolution  of  carbon  in  the  tungsten  can  be  ' 
rise  by  doping  with  the  small  amounts  of  Re,  at 
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that  the  evaporation  velocity  decreases  almost  by 
the  order,  i.e.  to  the  values  typical  for  tungsten 
with  the  small  amount  of  C. 

In  the  case  of  metals  with  hep  lattice  in 
contrast  to  the  metals  with  bcc  lattice  the  influence 
of  dopant  on  the  anisotropic  character  of  the 
properties  must  become  more  apparent.  The  aim  is 
to  investigate  Re  monocrystals  with  the  relative 
residuary  resistance  equaled  600  and  8000 
(Rres  =R298K/R4,2K)  with  carbon  content- 10'2  weight 
%  and  -10"3  weight  %  correspondingly.  The  planes 
(0001)  and  (10  TO)  were  studied.  For  the  different 
planes  of  Re  with  Rres  =600  small  difference  in 
sublimation  parametres  in  the  range  of  the  high 


temperatures  takes  place,  while  for  the  more  pure 
Re  the  value  of  anisotropy  is  rather  high. 

With  the  increasing  of  the  purity  of  Re  the 
sublimation  energy  for  (0001)  plane  decreases  and 
for  ( 1 0  10)  plane  increases . 

As  in  the  case  of  W  the  blocking  effect  of 
carbon  on  the  evaporation  takes  place  in  the  case 
of  Re.  The  more  considerable  anisotropy  of  the 
evaporation  velocity  for  Re  in  comparison  with  W 
is  typical,  though  the  sublimation  energy  for 
different  planes  differs  slightly. 

It  is  noteworthy  that  the  improvement  of 
purity  of  Re  results  also  in  increasing  anisotropy  of 
the  other  properties  of  Re  monocrystals. 
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ELECTROCHEMICAL  STUDY  OF  THE  PROTECTIVE  PROPERTIES  OF 
THE  MONOLAYERS  AND  THIN  FILMS  ON  ALUMINUM  AND  ON 

STAINLESS  STEEL  316 

Groysman  A.,  Starosvetsky  D.(1),  Sukenic  C.(2),  Mandler  D.<3),  Meth  S.(2),  Shefer  M.(3), 

Savchenko  N. 

Oil  Refineries  Ltd.,  Haifa,  Israel 

(1)Technion,  Haifa,  Israel 

(2) Bar-Ilan  University,  Tel-Aviv,  Israel 

(3) Hebrew  University,  Jerusalem,  Israel 


In  the  present  work  we  have  studied  the 
corrosion  protection  provided  by  monolayers 
and  thin  films.  Plates  made  of  stainless  steel 
(SS  316)  and  aluminum  (A1  1100)  were  used 
in  our  experiments  as  substrates.  Stainless 
steel  specimens  were  coated  by  organic 
monolayers  of  alkylthiols,  alkylamines, 
alkylsilanes  and  combinations  of  alkylsilanes 
and  Ti02. 

The  monolayers  for  aluminum  specimens 
were  prepared  with  phenyltrimethoxysilane 
(PhTMOS)  and  methyltrimethoxysilane 
(MeTMOS),  which  were  coated 
electrochemically,  following  a  procedure  that 
was  recently  developed. 

Electrochemical  measurements  of  the 
corrosion  behavior  of  SS  and  aluminum 
specimens  with  and  without  monolayers  and 
thin  films  were  carried  out  using  both 
conventional  electrochemical  techniques, 
such  as  potentiodynamic  and  potentiostatic 
polarization,  and  electrochemical  noise 
measurements  (ENM).  The  test  media  used 
for  the  stainless  steel  and  for  the  aluminum 
specimens  were  0.5  N  and  100  ppm  NaCl 


solutions,  respectively.  The  temperature  of  the 
solutions  was  25°C. 

Protective  characteristics  of  the  films  were 
estimated  in  accordance  with  the  specimen 
resistance  to  pitting  corrosion  attack,  in 
particular  by  comparing  the  characteristic 
potentials  of  pitting  corrosion  (pitting 
corrosion  potential,  Epit,  and  repassivation 
potentials,  Erp)  measured  on  specimens  with 
and  without  the  films. 

The  results  measured  by  cyclic 
potentiodynamic  polarization  were  compared 
with  results  obtained  by  using  the  ENM 
technique.  Good  correlation  between  these 
two  different  electrochemical  methods  was 
observed  for  the  thin  films  on  SS  316. 

It  was  established  that  the  protective 
properties  of  the  films  strongly  depend  on 
their  type  and  method  of  preparation. 

This  work  was  supported  by  a  grant  from  the 
Israel  Ministry  of  Science  (Tashtiot 
Infrastructure  Project). 
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THE  STRUCTURE  AND  THE  PROPERTIES  OF  THE  COATINGS  FORMED 

BY  PENTAGONAL  CRYSTALLITES 

Vikarchuk  A.A.,  Volenko  A.P.,  Krylov  A.Yu.,  Yasnikov  I.S. 

Togliatti  State  University,  Togliatti,  Russia 


An  exotic  pattern  compounded  of  multi-fold  and 
five-fold  symmetry  crystallites,  forbidden  by 
crystallography  rules,  can  be  obtained  during 
electrodeposition  of  Ni  and  Cu.  Such  structures 
have  been  named  pseudo-crystallites.  The  separate 
consideration  of  these  structures  is  quite 
important,  as  in  case  of  a  considerable  volumetric 
fraction  in  a  deposit  of  such  formations  as  five¬ 
fold  or  multi-fold  symmetry  crystallites,  the 
coating’s  properties  differs  against  the  usual,  for 
example,  the  completely  different  deformation 
mechanism  are  observed. 

The  purpose  of  our  investigation  was  to  determine 
the  origin  mechanism  of  the  crystallites  with  the 
pentagonal  symmetry  and  to  study  the  structure 
and  mechanical  properties  of  the  coatings  formed 
by  such  crystallites.  Here  are  the  main 
experimental  results  that  have  been  obtained  in 
our  laboratory: 

1 .  The  crystallites  with  the  five-fold  (pentagonal) 
symmetry  are  often  encountered  in  Cu  and  Ni 
electrodeposits  having  <11 0>  texture.  In  it’s  turn 
such  texture  can  be  obtained  during  the  deposition 
with  both  high  and  low  overvoltage  value.  In  the 
case  of  low  overvoltage  values  (for  Cu  about  10~3 
V  and  0.5  V  for  Ni)  a  lot  of  the  five-fold 
symmetry  crystallites  are  formed  and  in  the  case 
of  high  overvoltage  (10'2  and  1  V  accordingly)  the 
coating  contains  twins  of  the  growth  origin 

(Fig.l). 

2.  At  definite  deposition  conditions  in  a  quite 
narrow  field  of  current  density  variation  it  was 
possible  to  obtain  coating  completely  consisting 
of  five-fold  symmetry  crystallites  (Fig.2).  The 
crystallites  had  the  {111}  type  planes  at  the 
solution-deposit  boundary  and  reached  the  size  of 
50  pm  while  the  coating  thickness  was  about  80 
pm. 

3.  The  crystallites  were  compounded  from  a  quite 
perfect  five  sectors,  which  were  separated  with 
sharp  direct  boundaries  with  one  being  different 
from  the  others  by  the  contrast  in  electron 
microscope  (Fig.l,  2, 4). 

4.  The  etched  samples  and  the  cross-sections  of 
the  deposits  shows  that  such  crystallites,  having 
the  cone  shape  with  <11 0>  axis,  are  formed  at 
later  stages  of  crystal  growth  (3-4  pm  from  a 


substrate)  but  not  degenerate  from  initial  clusters 
(Fig-3). 

5.  The  careful  electron  microscope  study  revealed 
that  the  separating  {111}  type  boundaries  were 
the  twin  boundaries;  four  of  them  were 
perpendicular  to  {110}  plane  (<  1 1 2> {111})  and 
the  last  one  inclined  (<1 10>{  1 1 1 }). 

6.  The  diffraction  from  such  crystallite  had  the 
five-fold  symmetry;  the  discrepancy  of  7,5°  was 
distributed  among  2-3  sectors’  boundaries.  The 
diffraction  from  a  separate  sector  was  as  from 
f.c.c.  lattice. 

7.  During  the  deposit  growth  the  inner  tension  in 
coatings  organized  from  pentagonal  crystallites 
drops  down  at  the  thickness  of  3-5  pm,  acoustic 
emission  intensity  rises. 

8.  Twin  lays  parallel  to  sector  boundaries  and 
single  dislocations  have  been  observed  some 
times  in  the  large  crystallites.  In  adjacent  sectors 
the  dislocations  were  with  the  same  but  the 
contrary  Burger’s  vectors  (Fig.l). 

9.  As  the  deposit  thickness  and  accordingly  the 
crystallite  size  grow  up,  the  boundaries’  crossing 
point  splits  in  two,  forming  the  non-twin  boundary 
between  them.  The  splitting  are  followed  by 
dislocation  emission  along  one  of  the  boundaries 
(<1 10>{1 11})  (Fig.4). 

These  experimental  results  can’t  be  explained  by 
current  theories  and  we  put  forward  disclination 
model  of  pentagonal  crystallites  origin.  In 
accordance  to  the  model  there  is  a  partial 
disclination  with  module  of  Frank  vector  equal  to 
7°  in  the  center  of  the  crystallite  and  the  five  twin 
boundaries  abrupt  on  the  disclination  axis.  One  of 
the  boundaries  being  inclined  to  substrate  plane 
{110}  has  a  growth  origin,  and  twinning 
dislocation  movement  has  formed  the  others, 
which  are  perpendicular.  This  new  model  of  the 
crystallite  origin  is  capable  to  explain  all  available 
experimental  results:  cone  shape  of  the  five-fold 
crystallites,  their  quite  big  sizes  and  fast  growth  as 
compared  to  the  other  crystallites,  their  perfection 
at  small  sizes  and  defective  structure  at  the  big 
ones,  texture  and  internal  tension  in  the  deposits, 
and  at  least  the  mechanism  of  twins  origin  in 
electrodeposited  metals.  It  also  explains  the 
uniformity  of  all  five  sectors  separated  by  twin 
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LIFE  TIME  MODELING  OF  MCrAlY  COATINGS  FOR  INDUSTRIAL  GAS 
TURBINE  BLADES  (experimental  and  calculation  approach) 


Krukovskv  P.,  Tadlya  K.,  Krukovsky  S.,  Tadlya  O.,  Rybnikov  A.(1),  Krukov  I.(1), 
Mogaiskaya  N.(1),  Kolarik  V.(2),  Juez-Lorenzo  M.(2) 

Institute  of  EngeneeringThermophysics,  Kiev,  Ukraine 

(1) Polsunov  Central  Boiler  and  Turbine  Institute,  St.  Petersburg,  Russia 

(2) Fraunhofer- Institute  fuer  Chemische  Technologie,  Pfmztal,  Germany 


The  life  time  of  the  blades  in  advanced  stationary 
gas  turbines  for  electric  power  generation  is 
basicly  controlled  by  the  oxidation  resistance  of 
the  coating  and  by  interdiffusion  processes  at  the 
coating  /  substrate  interface.  A  typical  transversal 
concentration  profile  of  an  oxide  -  forming 
element  in  the  surface  -  near  region  of  the  alloy  is 
shown  schematically  in  Fig.l.  (thickness  of  the 
coating  is  more  then  x3 
moving  boundary) 
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Fig.  1 .  Concentration  profile  of  the  alloying  element 
Me  (curve  1)  and  the  oxidant  Ox  (curve  2) 


In  the  case  of  the  MCrAlY  coatings  the  protection 
against  oxidation  is  achieved  by  the  formation  of  a 
thin  A1203  layer  on  the  coating  surface  (xrxo). 
The  Al,  which  generally  is  found  as  a  P-NiAl 
phase  in  the  coating,  is  consumed  by  both  A1203 
formation  at  the  surface  and  by  interdiffusion  at 
the  substrate  -  coating  interface,  producing 
aluminum  depletion  zones  that  increase  with  time 
and  temperature. 

A  physical  and  mathematical  model  considering 
the  Al  concentration  profile  across  the  coating 
was  applied  according  to  [1].  In  fig.l  Cr+p  - 
average  aluminum  concentration  in  two-phase 
y+P  -  region,  CY  -  interfacial  concentration  of 
aluminum  at  the  y/y+P  interfaces.  The  physical 
model  takes  into  account  that  during  the  oxidation 
the  oxide  surface  Xo  moves  outwards,  while  the 
boundaries  X|  move  inwards  the  alloy,  x2  and  x3 
move  towards  each  other.  Time,  when  the  p-NiAl 


phase  is  completely  consumed  (x2  reaches  x3), 
may  be  assumed  as  a  coating  life  time  end. 

The  modem  models  for  modeling  the  oxidation 
and  diffusion  processes  in  MCrAlY  coatings 
(Fick’s  first  and  second  law)  like  mentioned 
above  usually  can't  use  for  lifetime  prediction  due 
to  unknown  models  parameters  for  complicated 
MCrAlY  coatings  compositions.  The  physical  and 
mathematical  model  under  consideration 
comprises  three  key  parameters,  which  must  be 
estimated  for  the  prediction  of  the  oxidation  and 
diffusion  processes:  the  effective  diffusion 
coefficient  of  aluminum  DA1,  Cy  -  interfacial 
concentration  of  aluminum  at  the  y  /  y+P 
interfaces  and  k  -  oxidation  rate  constant. 

The  main  innovative  aspect  of  the  approach 
described  in  the  present  work  is  the  application  of 
the  Inverse  Problem  Solution  technique  (IPS)  to 
determine  the  quantitative  values  of  the  model 
parameters  [2],  This  technique  was  considered  in 

[3]  for  single-phase  coating  model. 


Fig.  2  Scheme  of  computational  and  experimental 
approach  for  oxidation  and  diffusion  processes 
prediction  using  the  IPS  method 

In  the  case  of  the  lifetime  modeling  of  MCrAlY 
coatings  the  concentration  profile  of  Al  across  the 
coating  thickness  measured  after  a  defined  time  xe 
of  exposure  to  temperature  is  needed  as  input 
values  only.  All  model  parameters  needed  for  the 
modeling  like  the  DA)  coefficients  are  then 
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determined  by  the  IPS  technique  and  used  for  the 
forecast  calculation.  Thus  the  IPS  technique 
allows  an  economic  quantitative  life  time 
modeling,  which  is  easily  feasible  in  practice,  and 
enables  long  term  prediction  using  experimental 
data  from  some  hundreds  hours  of  exposure  time, 
supposed  that  no  change  in  the  relevant 
mechanisms  occurs. 


Fig.  3  Measured  and  calculated  total  A1 
concentration  profile  and  beta  phase  across  the  coating 
and  base  metal  after  1000  h  at  950  C. 


The  approach  (Fig. 2)  consists  of  four  fundamental 

steps. 

1  .Design  of  a  mathematical  model  or  the  use  of  an 
existing  one. 

2.  Experiments  with  given  experimentation  time 
and  temperature  delivering  input  data  for  the 

model  parameter  estimation. 

3.  Estimation  of  the  key  parameters  of  the 
mathematical  model  for  different  temperatures 
(calibration  of  mathematical  model). 

4.  Computational  prediction  of  the  alloying 
element  distributions  and  coating  life  time  end. 
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Fig.  4  The  predicted  and  measured  beta  phase 
concentration  during  oxidation  at  950  C  and  coating 
thickness  100  micron 


Exposure  experiments  (Fig.3)  were  carried  out  in 
air  at  900,  950  and  1000°C  with  an  NiCoCrAlY 
coating  with  8  %  Al.  The  concentration  profiles  of 


the  elements  Al  across  the  coating  thickness  were 
determined  by  electron  microprobe  in  the  initial 
state  and  after  100,  300  and  1000  hours  of 
oxidation.  Fig.3  shows  calculated  concentration 
profiles  after  IPS  technique  implementation  for 
coating  thickness  95  micron. 

Fig.4  gives  predicted  and  measured  beta  phase 
concentration  during  oxidation.  Time  6000  h 
means  coating  life  time  end.  The  model  and  ISP 
technique  allow  the  beta  phase  life  prediction  for 
various  coating  thickness  during  oxidation  (see 
Fig.  5). 


coating  thicknesses  during  oxidation  at  950  C 

Conclusions: 

1.  The  approach  by  Inverse  Problem  Solution 
showed  to  be  a  technically  easily  feasible  way  to 
obtain  input  values  for  the  model  parameter 
estimation. 

2.  The  model  calibrated  by  Inverse  Problem 
Solution  Technique  and  short  time  experiment 
data  can  be  used  for  long  time  modeling  and 
prediction  of  oxidation  and  diffusion  processes  in 
MCrAlY  coatings. 
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The  technology  of  HVOF  flame  spraying  is  one 
of  the  main  methods  of  the  gas  -  thermal 
spraying,  which  combine  high  quality  of  produced 
coatings  and  high  efficiency  as  well  as  simplicity 
of  the  used  equipment.  One  of  the  drawbacks  of 
this  technology  is  complication,  and  in  many 
cases  impossibility  of  making  refractory  coatings 
from  hard  ceramic  compounds.  Thermodynamic 
analysis  shows  that  the  energy  possibilities  of 
HVOF  allows  to  melt  particles  of  refractory 
materials  at  the  melting  temperature  up  to  2500K 
(particularly  -  oxide  powders)  without  increasing 
of  the  equipment’s  achieved  heat  rating.  But 
known  gas-dynamic  layouts  of  burner  devices  for 
HVOF  don’t  allow  their  full  scale  use. 

In  order  to  optimize  of  sprayed  material  particles 
heating  and  accelerating  process  in  the  HVOF 
burner  channel  on  the  base  of  maximum  value  of 
specific  enthalpy  criterion,  the  new  conception  of 
inner  chamber  process  organization  in  the  HVOF 
device  burners  was  suggested  [1,2]. 

This  approach  consists  of  functional  division  of 
the  heating  and  accelerating  sections  of  the 
particles  for  the  expense  of  combination  of 
consumptional  and  geometrical  influence  on  the 
flow.  New  concept  of  gas  dynamic  burner  channel 
with  functional  separation  of  dispersed  powder 
heating  and  accelerating  zones  is  aimed  for: 

•  Disperse  phase  heating  in  transporting  gas 
flow  with  high  temperature  and  low 
velocity; 

•  Following  accelerating  of  disperse  phase 
in  around  sonic  and  supersonic  flow; 

•  Accelerating  of  gas  flow  up  to  sonic 
velocity  by  means  of  consumption 
influence,  which  is  reached  by  injection 
of  certain  portion  of  gas  between  heating 
and  accelerating  zones; 

•  Absence  of  convergent  zones  along  the 
channel  length. 

On  the  basis  of  this  concept  the  gas  -  dynamic 
channel,  mathematical  and  software  means  of  its 
calculation,  construction  of  the  burner  based  on 
the  novel  principles  was  worked  out.  The  burner 


devices  and  installation  for  its  testing  were 
created.  The  maximum  of  particles  enthalpy  is 
achieved  due  to  increasing  of  the  time  of  their 
sojourn  on  the  heating  section  in  the  base  gas  flow 
with  high  temperature  and  low  speed.  In  the 
second  section  the  accelerating  of  the  heated 
particles  is  mainly  carried  out  in  near  -  and 
supersonic  flow. 

The  discharging  of  the  heating  stage  is  made  by 
serial  introducing  of  the  high  temperature  gas  in 
the  flow  stream  in  two  spaced  on  along  the  flow 
assemblies  feed  on  the  section  of  between  which 
the  optimal  for  heating  particles  by  parameters  of 
the  flow.  That  is  by  variation  of  values  of  initial 
consumption  coefficient  it  is  possible  to  obtain 
optimal  combination  for  the  given  geometry  of  the 
channel  the  temperatures  and  velocities  of  of  two 
phase  stream  in  the  heating  zone  and  to  obtain 
maximal  exit  particles  melt  degree.  Conditionally 
such  burner  can  be  called  “two-  chamber”  one. 

As  a  result  of  the  experimental  research  of 
experimental  burner  installations  the  optimal 
technology  spray  parameters  of  different  powder 
materials  were  developed.  It  was  determined  that 
the  optimal,  in  terms  of  refractory  materials 
coating  quality,  are  the  parameters  with  maximal 
possible  for  the  given  installation  heat  capacity. 
That  can  be  reached  at  the  parameters  of  maximal 
possible  pressure  in  the  combustion  chamber  for 
the  stoihiometry  ratio  of  fuel  components. 

The  efficiency  of  use  two  -  chamber  burner  was 
tested  while  overcoat  by  4  types  of  coatings: 

1.  A1203  +  50%  NiCr 

2.  (  A1203  +  SiC  )  +  50%  NiCr 

3.  A1203  +  24%  Zr02 

4.  stainless  steel  XI 8H9 

The  distinctions  of  their  structure  formation  and 
capacities  were  studied. 

For  comparison,  the  coating  from  A1203  obtained 
by  the  HVOF  method  using  traditional  burner 
with  supersonic  distillating  channel  was  studied. 
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In  order  to  determine  phase  content,  morphology 
of  phase  components,  common  porosity,  shapes, 
and  sizes  of  pores,  the  methods  of  microstructure 
analysis  were  used,  the  measurement  of  micro 
hardness  as  well  as  roentgen  phase  and  micro  X- 
ray  analysis  were  carried  out. 

The  quantitative  and  qualitative  analyses  of 
microstructure  were  carried  out  while  using  light 
microscope  PMT  -  3,  special  program  of 
materials  complex  "SIAMS”  which  is  equipped 
with  computer  device  which  allows  to  receive 
general  enlargement  more  of  3000  (including 
optical  till  1000). 

The  “SIAMS”  system  also  allows  to  evolve  each 
individual  phase  and  make  its  quantitative 
analyses  using  computer  graphics.  The  roentgen 
phase  analysis  on  the  diffractometer  DRON  -  3M, 
raster  scan  electronic  Superprob  GEOL  733  and 
micro  X-ray  analyzer  were  used  for  identification 
of  the  phase  content. 

Tribological  parameters  (friction  coefficient  f  and 
wear  rate  I,  mm/km)  were  studied  by  scheme 
shaft  bush  in  the  dry  friction  mode. 

Data  of  metalography,  durometery  and  phase 
analysis,  and  the  results  of  tribological  tests  of 
studied  coatings  allow  to  make  a  conclusion  that 
use  of  new  construction  of  the  burner  for  HVOF  - 
coatings  of  the  different  grades  has  a  prospect. 
The  high-density  coatings,  which  are  adjoined  to 
the  surface  of  the  undercoat,  and,  having  fine 
structure,  are  produced  from  composite  ceramic 
powders.  Such  coatings  provides  the  high 
operation  capacities. 

Typical  structure  fragments  of  Al203-Zr02  coating 
are  given  on  Fig.  1 

Thus,  application  of  new  burner  design  allows  to 
obtain  homogenous  porousless  coatings  of 
perspective  composite  ceramic  based  on  A1203- 
Zr02. 

The  comparable  test  of  the  A1203  coating  which  is 
received  by  HVOF  -  method  with  a  help  of  the 
traditional  burner,  shows  that  it  has  big  quantity 
of  linear  and  cross-cut  cracks,  which  significantly 
decrease  durability  and  lead  to  the  delamination 
of  the  material. 


Fig.  1 .  Al203-Zr02  coating  cross  section 
microstructure  (electron  microscopy),  x230 
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The  technique  for  creating  of  stable  beryllium 
coatings  on  iron  and  research  results  of  coatings 
stability  under  irradiation  by  alpha  particles  is 
presented. 

Production  of  stable  beryllium  coatings  on  iron 
foils 

According  to  thermodynamic  approach, 
developed  by  authors  of  present  publication  [1,2] 
the  stable  at  high  temperatures  layer  enriched  with 
beryllium  on  iron  can  be  created  when  volume  of 
the  material  will  represent  a  saturated  solid 
solution  of  beryllium  in  alpha  iron.  In  this  case 
diffusion  penetration  of  deposited  on  the  surface 
beryllium  inside  of  material  volume  became 
negligible  and  stable  structure  with  the  high 
contents  of  beryllium,  for  example  phase  FeBe2, 
in  near  to  surface  area  is  formed.  As  follow  from 
equilibrium  phase  diagram  iron  —  beryllium  the 
concentration  of  beryllium  in  saturated  solid 
solution  in  alpha  iron  at  temperature  750°  C  makes 
10  -  12%.  One  of  possible  way  for  creation  of 
stable  coating  consist  in  deposition  on  thin  alpha- 
iron  film  of  beryllium  layers  with  both  sides  of 
sample  and  annealing  it  at  temperature  750°C. 
Thickness  of  beryllium  layers  and  duration  of 
annealing  period  should  be  such,  that  during  this 
period  saturated  solid  solution  beryllium  -  iron 
can  generated  in  a  matrix,  and  the  excess  of  the 
beryllium  on  surface  has  generated  the  beryllium 
enriched  FeBe2  phase.  The  technique  of  stable 
beryllium  coatings  production  was  follow.  The 
specimens  have  been  made  of  the  a-Fe  foils 
(enriched  by  57Fe  isotope  up  to  89  at.  %),  rolled  to 
the  thickness  ~  10  pm  and  subject  to 

homogenization  annealing  in  vacuum  at  800  C 
for  2  hours.  The  deposition  of  Be  onto  the  iron 
foil  have  been  carried  out  by  magnetron 
sputtering.  The  thickness  of  deposited  beryllium 
layer  on  the  one  side  of  specimen  is  1 .3  pm  (side 
A).  Thickness  of  beryllium  layer  on  the  another 
side  of  specimen  is  0.9  pm  (side  B).  Isothermal 
annealing  series  in  vacuum  has  been  carried  out  at 
temperature  720°  C  during  0.5,  1,  2,  5,  10,  15,  20, 
50  and  100  hours.  After  each  period  of  annealing 
the  structure  of  specimen  was  determined  by  the 
technique  of  conversion  electrons  Mossbauer 
spectroscopy  (CEMS)  in  back  scattering 


geometry,  y-ray  technique  in  absorption  geometry 
and  X-ray  diffactometry.  Control  of  deposited  Be 
layer  depth  as  well  as  determination  of  the  iron 
concentration  profile  over  the  depth  have  been 
implemented  by  the  Rutherford  back  scattering 
method  (RBS)  at  the  electrostatic  accelerator 
UKP-2-1  (Kazakhstan  Institute  of  Nuclear 
Physics).  In  result  of  set  of  annealing  in  described 
above  system  Be-Fe-Be  stable  phase  distribution 
along  the  depth  of  specimen  was  formed.  Phase 
FeBe2  with  beryllium  concentration  -  66%  is  form 
near  to  both  sides  (A  and  B)  of  specimen.  The 
FeBe2  phase  thickens  along  the  depth  of  specimen 
is  ~  0.7pm.  Solid  solution  of  beryllium  in  alpha 
iron  with  beryllium  content  ~  10%  is  form  inside 
of  specimen.  The  period  for  stable  phase  with 
different  Be  content  formation  is  ~  10  hours. 
Further  annealing  up  to  100  hours  at  temperature 
720°  C  does  not  result  in  change  of  a  structural  - 
phase  distribution  in  specimen. 

Investigations  of  stability  Be-Fe-Be  system 
under  alpha-particle  irradiation 

One  side  (side  A)  of  sample  with  stable  beryllium 
coating  was  subjected  to  irradiation  by  alpha 
particles  on  accelerator  ’’Wezuvii”  (Kazakhstan 
Institute  of  Nuclear  Physics)  for  research  of 
radiation  resistance:  stability  of  the  phase 
structure,  formation  gas  bubbles  etc.  Irradiation 
conditions  were  the  following: 

•  Energy  of  irradiating  particles  -  330  keV, 

•  Total  doze  -  3'1016  particles  /cm2, 

•  Temperature  of  irradiation  -  100°  C. 

Main  purpose  of  the  present  researches  was  to 
determine  the  possible  dissolution  enriched  with 
beryllium  of  FeBe2  phase  due  to  irradiation. 
Therefore  energy  an  alpha  of  particles  was 
selected  so  that  longitudinal  straggling  of  particles 
was  1.09  microns  i.e.  maximum  of  radiation 
damage  was  concentrated  in  near  to  surface  region 
enriched  by  beryllium.  Calculations  of  projected 
range  of  alpha  particles  with  energy  330  keV  in 
Fe(34%)  +  Be(64%)  target  by  computer  code 
“TRIM”  give  follow  results:  projected  range  = 
1.09  um,  longitudinal  straggling  =  1 191  A  [3].  So 
alpha  particles  with  energy  330  keV  satisfy  to 
these  requirements. 
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It  is  necessary  to  mark  that  the  total  doze  of 
irradiation  in  circumscribed  experiment  is 
insufficient  for  formation  of  the  gas  porosity  in 
the  sample.  This  problem  will  be  the  subject  of 
further  researches.  Now  we  concern  only  structure 
changes  induced  by  alpha  particle  irradiation. 


I 


■to  -5  0  5  1 


vtmnVs] 

a)  SEM  spectra  (side  A)  before  irradiation 
l 


b)  SEM  spectra  (side  A)  after  irradiation 

i 


c)  SEM  spectra  (side  A)  of  irradiated  sample 
after  5  hours  annealing 

Fig.  1.  SEM  spectra’s  of  non  irradiated  (a), 
irradiated  (b),  irradiated  -  annealed  specimen  (c). 

The  structure  of  irradiated  and  after  irradiated 
annealed  specimen  was  studied  by  CEMS,  X-ray, 
RBS,  optical  microscopy  (OM)  and  scanning 
electron  microscopy  (SEM)  technique. 


OM  and  SEM  investigations  of  the  structure  of 
irradiated  surface  shows  that  the  irradiation  up  to 
such  dozes  does  not  call  noticeable  changes  of 
surface  texture.  CEMS  and  X-ray  investigation 
shows  that  takes  place  disturbance  of  the  short- 
range  order  degree  in  the  FeBe2  phase,  look,  for 
example,  fig.  1 . 

On  fig.  6  SEM  spectra’s  of  non-irradiated  (a), 
irradiated  (b),  irradiated  and  annealed  specimen  is 
presented.  From  comparison  of  spectra  on  fig  la 
and  lb  it  is  visible,  that  the  disturbance  of  the 
short-range  order  degree  or  partial  amorphization 
of  FeBe2  phase  structure  was  observed. 
Consequent  annealing  at  temperature  700°  C  (fig. 
lc)  results  in  recovery  of  phase  structure.  The  X- 
ray  diffractometry  investigations  confirm  results 
of  SEMS  study.  RBS  measurements  of  depth 
distribution  of  Be  and  Fe  near  to  irradiated  surface 
shows:  there  are  no  visible  changes  of  beryllium 
and  iron  content  in  that  region.  Therefore,  it  is 
possible  to  draw  conclusion  that  the  irradiation  at 
small  dozes  does  not  result  in  essential 
disturbance  of  phase  FeBe2  structure  and  it  is  not 
observed  induced  by  irradiation  migration  of 
beryllium  into  matrix  of  sample. 

Conclusion 

1.  The  beryllium  coating  on  thin  iron  foil  stable  in 
temperature  interval  up  to  750°  C  are  obtained  by 
means  of  magnetron  sputtering  method. 

2.  It  is  shown  that  the  irradiation  by  alpha 
particles  at  room  temperatures  up  to  dozes  3'1016 
particles  /cm2  does  not  result  in  destruction  of 
beryllium  coating. 
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Accelerator  Driven  System  (ADS)  is  the  most 
prominent  concept  of  hybrid  reactors  with  respect 
to  the  transmutation  potential  and  safety  aspects. 
ADS  consists  of  three  main  parts:  an  accelerator 
(for  protons  generating),  target  module  (in  which 
the  protons  produce  free  neutrons)  and  subcritical 
blanket  (in  which  the  fission  reaction  occurs). 

Lead  and  lead-bismuth  eutectic  due  to  its 
excellent  thermo-physical  and  nuclear  properties 
are  considered  as  candidates  for  target  unit  and 
coolant.  Austenitic  and  9-12  Cr  martensitic  steels 
are  candidate  structural  materials  for  ADS  design. 
The  compatibility  of  heavy-liquid  metals  and 
structural  materials  is  one  of  the  key  problems  on 
the  way  of  technological  realization  of  the  ADS 
concept. 

The  basis  of  protection  of  structural  materials 
under  the  contact  with  aggressive  heavy  liquid 
metal  mediums  lays  in  the  formation  on  the  steel 
surface  the  protective  oxide  layers  using  the 
oxygen  as  a  special  admixture.  Formation  of  oxide 
layer  inhibits  the  dissolution  of  the  steel 
components  provided  that  the  properties  of  the 
oxide  layer  are  satisfactory.  In  general  the  oxide 
layer  to  be  protective  must  possess  by  the  optimal 


parameters  (adherent,  compact,  coherent  etc.)  and 
ability  to  self-healing  during  long  period  of  work. 
The  quality  of  the  coating  depends  on  the  level  of 
oxygen  activity  in  the  heat  medium,  composition 
and  structure  of  the  solid  material  and  character  of 
the  surface  treatment. 

At  present  time  the  transition  oxygen  concentration 
region  from  dissolution  to  oxidation  is  well  known. 
In  spite  of  the  numerous  experimental  data  the 
model  representation  of  components  interaction  in 
such  complex  systems  is  not  developed  well. 

In  presented  paper  the  results  of  investigations  of 
interaction  between  ferritic-martensitic  steels 
(EP823,  T91  and  Armco-iron-as  a  modeling 
material)  and  oxygen-contained  liquid  melts  (Pb 
and  PbBi)  in  the  temperatures  range  500-650°C.  On 
the  basis  of  obtained  results  the  mechanisms  of 
interactions  as  function  of  temperature  and  oxygen 
activity  in  the  melts  are  determined.  The  special 
attention  is  emphasized  on  the  process  of  protective 
oxide  layer  formation,  which  is  able  to  self¬ 
recovering  during  long  period  of  exploitation.  The 
possible  mechanism  of  transaction  from  passivation 
to  intensive  oxygen  corrosion  is  presented. 
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Being  designed  for  functional  applications, 
high-porous  (with  porosity  level  to  95%)  metal 
composites  are  promising  materials  to  use  in 
special  equipment  that  works  under  extreme 
conditions.  The  composites  are  based  on  foam 
metals,  knitted  semifinished  products,  sintered 
discrete  fibers  and  cellular  structures  and  used  as 
dempers,  permeable  materials,  elements  providing 
construction  rigidity  for  heat-shielding  systems  etc. 
[1].  Operating  properties  of  those  materials  are 
determined  by  their  structures.  Imperfection  in 
technological  operations  does  not  provide  the 
guarantee  of  high  uniformity  for  material  structural 
components,  the  absence  of  defects  and,  as  a  result, 
stable  physical  and  mechanical  characteristics. 
Therefore,  controlling  the  structural  state  of  the 
material  and  its  physical  and  mechanical 
characteristics  plays  important  role  both  in 
development  of  technology  for  material  production 
and  in  the  course  of  its  production  and  operation. 
Nondestructive  acoustic  methods  are  traditionally 
applied  for  such  control  [2],  However,  their 
application  to  high-porous  materials  shows 
substantial  specific  features  that,  first  of  all,  related 
to  the  complex  behavior  of  acoustic  fields  in  such 
materials  [3],  This  problem  is  weakly  reflected  in 
the  literature  both  in  theoretical  and  practical 
aspects  and  therefore  it  is  of  great  interest. 


Fig.l.  Specimen  of  foam  nichrome  having 
porosity  of  95%. 


Analysis  of  above  high-porous  materials 
structures  has  been  performed.  As  an  example,  the 
structure  of  foam  nichrome  is  given  in  Fig.l.  On 
the  base  of  the  analysis  performed  mechanical 
models  have  been  proposed.  The  models  allow  the 
determination  of  relation  between  elastic  wave 
parameters,  on  the  one  hand,  and  the  material 
physical  and  mechanical  properties  and  structural 
parameters,  on  the  other  hand. 


U 


Fig.2.  Oscillogram  of  the  signal  emitted  into 
the  specimen 

Experimental  research  into  mechanisms  of 
acoustic  fields  formation  for  the  running  wave 
within  those  materials  has  been  conducted.  The 
mechanisms  have  been  studied  as  a  function  of 
parameters  of  the  signal  emitted  into  the  specimen 
(Fig.2  and  3)  and  degree  of  deformation  in  the 
material  structural  elements.  The  unique  apparatus 
complex  that  measures  acoustic  characteristics  of 
materials  and  original  methods  have  been  applied 
to  provide  experimental  research.  The  elactic  wave 
passed  through  the  specimen  of  the  material 
studied  has  been  analyzed  by  time  (Fig.4),  energy 
and  frequency  (Fig.5)  features.  Elastic  wave 
parameters  proposed  allow  us  to  control  the 
structural  state  and  determine  characteristics  of 
elasticity  and  inelasticity  of  high-porous  materials. 
Results  of  theoretical  and  experimental  research 
have  been  compared. 

The  work  done  shows  that  behavior  of 
acoustic  fields  in  the  high-porous  materials  is 
determined  by  wave  sizes  of  the  material  structural 
components.  For  instance,  when  wave  sizes  of 
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mesostructural  elements  are  small,  the  material 
behaves  like  uniform.  In  this  case  we  can  judge  of 
material  elasticity  by  the  elastic  wave  velocity  and 
of  material  inelasticity  -  by  energy  losses.  Both  of 
those  characteristics  are  sensitive  to  the  degree  of 
material  destruction.  Changes  of  the  front  drop  for 
the  elastic  wave  impulse  that  occur  during  wave 
propagation  within  the  material  have  been 
proposed  to  use  as  a  measure  for  energy  loss. 
Resonance  effects  of  mesostructural  elements  are 
observed  when  wave  sizes  of  the  elements  are 
close  to  1 .  In  this  case  resonance  frequencies  allow 
us  to  evaluate  those  elements  sizes  and  control  the 
degree  of  material  destruction.  Therefore,  choosing 
parameters  of  the  signal  emitted  into  the  specimen, 
we  can  control  either  effective  macroscopic 
characteristics  of  the  material  or  research  the  state 
of  its  structural  elements  at  mesolevel. 


K 
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Fig.5.  Spectrogram  of  the  signal  passed 
through  the  specimen  of  foam  nichrome 
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Fig.3.  Spectrogram  of  the  signal  emitted  into 
the  specimen 
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Fig.4.  Oscillogram  of  the  signal  passed 
through  the  specimen  of  foam  nichrome 
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The  thermal  conductivity  (TC)  is  the  fundamental 
characteristic  of  substances  and  materials.  Without 
its  knowledge  cannot  be  created  new  materials,  to 
project  various  products,  to  simulate  their  thermal 
condition  etc.  Nowadays  there  are  a  great  many 
methods  for  determination  TC  of  materials, 
however,  only  some  of  them  are  realized  in 
practice.  There  are,  for  example,  stationary 
methods,  method  of  monotone  heating,  methods  of 
pulse  heating  and  some  other.  There  is  a  large 
quantity  of  the  publications  devoted  these  methods. 
For  last  some  tens  years  they  have  allowed  to 
determine  thermal  conductivity  of  a  great  many 
substances  and  materials.  It  is  necessary  to  mark, 
that  majority  of  these  methods  is  labor-consuming, 
the  equipment  is  made  in  single  version,  they  have 
not  a  universality. 

Any  of  traditional  method  does  not  allow  to 
determine  materials  TC  in  wide  ranges  of  heating 
rate  and  values  of  thermal  conductivity,  to  spend 
researches  materials  TC,  which  at  heating  undergo 
to  various  physical-chemical  transformations 
accompanying  with  allocation  gas  products  (for 
example,  metal  hydrides,  heat-shield  materials 
with  organic  resins).  The  installations  on  the  basis 
of  stationary  and  pulse  laser  methods  for 
determination  of  TC  have  the  high  price 
(especially  laser  method). 

From  all  of  these  lacks  the  methods  for 
determination  of  thermal  physical  properties  based 
on  solving  of  inverse  problems  of  heat  conduction 
(IPHC)  are  free.  Plenty  of  these  methods  is 
developed  now.  However,  only  some  of  them  were 
used  for  research  of  thermal  physical  properties  of 
various  materials.  As  a  rule,  authors  of  these 
methods  are  limited  with  demonstration  of 
opportunities  of  the  methods  on  model  temperature 
fields. 

In  activity  the  research  engineering  of  thermal 
conductivity  (RETC)  of  different  materials  is 
offered.  It  consists  of  experimental  determination 
of  one-dimensional  temperature  fields  in  heat 
receiver  (sample  of  researched  material  with 
thermal  sensors)  and  use  of  these  fields  for  the 
solution  of  inverse  problems  of  heat  conduction. 

RETC  consists  of  several  stages.  The  first  stage 
consists  of  heat  receiver  manufacturing  out  of 


researched  material.  Further,  there  is  a  stage  of  its 
test  in  conditions  of  one-sided  heating.  Outcome  of 
these  tests  is  the  experimental  temperature  fields  in 
samples  of  researched  materials.  This  information 
is  necessary  for  solving  of  inverse  problem  with 
using  of  additional  information  about  a  researched 
material  and  heat  receiver.  As  a  result  of  the 
solving  IPHC  is  received  thermal  conductivity 
temperature  dependence  in  frameworks  of  the 
originally  chosen  mathematical  model  of  heat  and 
mass  transfer  in  the  material. 

The  experimental  information  (temperature  fields 
in  samples  of  researched  materials),  additional 
information  (data  about  specific  heat  and  density 
of  a  material,  distance  of  thermocouples  from 
heating  surface  of  heat  receiver  etc.)  and  also  the 
results  of  the  solving  IPHC  come  in  a  database.  All 
this  information  is  used  for  the  analysis  of  different 
factors  influence  on  thermal  physical  properties  of 
a  material,  and  also  for  correction  of  mathematical 
model  of  heat  and  mass  transfer  in  a  researched 
material  in  case  of  need. 

Investigation  of  materials  with  low  (0.6  Win'K'1) 
and  high  (160  Wm'K1)  thermal  conductivity  by 
the  application  of  offered  engineering  for  research 
an  influence  of  different  factors  on  temperature 
dependence  of  materials  thermal  conductivity  is 
considered. 

As  a  first  asbestos  cloth  phenol  composite  (ACPC) 
was  chosen.  The  material  contains  in  the  structure 
phenol-formaldehyde  resin  (48  %)  and  asbestos 
cloth.  The  analysis  of  influence  both  of  kind  and 
heating  rate  on  effective  thermal  conductivity  of 
this  material  was  carried  out.  It  was  supposed,  that 
specific  volumetric  heat  (product  of  density  on 
specific  heat)  of  material  is  constant  in  all  of 
investigated  range  of  temperatures.  In 
mathematical  model  of  heat  and  mass  transfer  the 
presence  of  various  physical-chemical  processes 
(which  take  place  at  heating  of  ACPC)  was  not 
taken  into  account.  The  samples  of  this  material 
were  tested  at  convective  and  radiation  one-sided 
heating.  The  temperature  fields  in  samples  ACPC 
are  adduced. 

As  materials  with  high  thermal  conductivity  the 
composites  on  a  basis  of  aluminum-silicon  alloy 
AL25  were  investigated.  The  alloy  AL25  consists 
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basically  of  aluminum  and  silicon  (11-13%)  and 
also  small  amount  of  the  additives  of  metals 
(-4.5%),  such  as  Cu,  Mg  and  Ni.  The  research  of 
influence  of  three  powder  additives:  aluminum 
dioxide  (22%),  silicon  carbide  (18%)  and  mullite- 
silica  (19%),  on  thermal  physical  properties  of 
composites  on  the  basis  of  alloy  AL25  was  carried 
out.  The  markings  of  compositions  with  these 
powders  have  the  following  kind:  AL25+22, 
AL25+18,  AL25+19.  Samples  of  the  composites 
were  made  by  liquid  punching  with  the  further 
turning  processing  after  crystallization  and  cooling. 
The  temperature  dependence  of  specific  heat  of 
these  composites  was  taken  into  account  on  the 
solving  of  IPHC.  This  characteristic  was 
determined  on  standard  installation  IT-c-400,  in 
which  the  method  of  monotonous  heating  is 
realized. 

The  melt  of  lead  (overheated  up  to  temperature 
approximately  400°C)  was  used  as  a  heat  source 
for  creating  of  temperature  fields  in  samples  of 
these  composites.  As  an  example  the  experimental 
temperature  field  in  a  sample  of  an  alloy  AL25  is 
adduced.  This  field  is  typical  for  all  investigated 
composites  on  the  basis  of  this  alloy,  which  were 
tested  in  these  conditions  of  one-sided  heating. 

For  experimental  determination  of  one¬ 
dimensional  temperature  fields  in  samples  ACPC 
and  composites  of  AL25  the  designs  of  heat 
receivers  developed  in  [1]  were  used.  Two  ways  of 
thermocouples  closing  were  tested  on  samples  of 
the  alloy  AL25.  The  thermocouples  were  fixed  in  a 
cuts  and  apertures.  For  filling  of  cuts  and  apertures 
the  copper  powder  was  used.  As  a  result  of  solving 
IPHC  it  is  not  influence  of  a  way  for 
thermocouples  closing  on  thermal  conductivity  of 
this  alloy. 

The  experimental  temperature  fields  in  samples  of 
researched  materials  are  the  base  information  for 
determination  TC  of  these  materials  by  solving 
IPHC.  For  determination  of  temperature 
dependence  of  thermal  conductivity  of  materials 
two  methods  for  solving  of  inverse  problems  of 
heat  conduction  [2,3]  were  used. 

Using  the  research  engineering  of  thermal 
conductivity  for  investigation  above  presented 
materials  allowed  hold  the  next  results. 

Asbestos  material.  The  thermal  conductivity  ACPC 
(it  is  a  typical  representative  of  heat-shielding 
materials  with  organic  resin)  in  range  of 
temperatures  resin  destruction  has  a  minimum, 
which  with  increasing  of  heating  rate  displaces  in 
area  of  high  temperatures.  The  value  of  this 


minimum  is  decreasing  at  the  same  time. 
Examination  of  the  results  of  determination  of 
temperature  dependences  TC  of  this  material  (they 
are  obtained  by  results  of  experiments  at  different 
kinds  of  one-sided  heating)  has  shown,  that  the 
minimum  TC  displaces  in  area  of  high  temperatures 
approximately  up  to  lOOK/s. 

It  speaks  that  the  thermal  destruction  displacement 
of  phenol-formaldehyde  resin  in  high  temperature 
area  ,  takes  place  only  up  to  this  heating  rate  in  the 
investigated  range. 

Composites  on  the  basis  of  AL25.  For  this 
composites  the  injection  in  alloy  AL25  the 
additives  of  silicon  carbide,  aluminum  dioxide  and 
mullitesilica  is  resulted  to  reduction  of  its  thermal 
conductivity.  This  reduction  becomes  greater  with 
increasing  of  temperature.  It  is  generated  first  of  all 
with  that  circumstance,  that  thermal  conductivity 
of  the  additives  in  some  times  below  this 
characteristic  AL25  [4,5]. 

It  is  necessary  also  note,  that  for  silicon  carbide 
and  aluminum  dioxide  sharp  reduction  of  values  of 
their  thermal  conductivity  has  a  place  with  growth 
of  temperature.  So,  according  to  data  [4,5] 
temperature  increase  from  100°C  up  to  400°C  leads 
to  reduction  of  thermal  conductivity  values  of 
these  materials  in  3-4  times.  For  a  composite  with 
mullitesilica  such  sharp  reduction  of  thermal 
conductivity  is  absent. 
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NOVEL  PV  MATERIAL  BASED  InN  COATING:  FABRICATION, 
STRUCTURAL  AND  OPTICAL  PROPERTIES 
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The  fabrication  details,  plus  basic  structural 
and  optical  properties  of  low  temperature  plasma 
enhanced  reactionary  sputtered  (LTPERS)  InN 
coatings  are  presented.  RHEED  and  AFM 
studies  of  surface  morphology  of  InN  films  were 
done.  Optical  absorption  and  reflectance  spectra 
of  InN  textured  films  were  taken  to  reproduce 
accurately  dielectric  function  as  well  as  to 
determine  optical  effective  mass  of  electrons  and 
the  direct  band  gap  energy  (2.03  eV).  Some  TO 
(485  cm'1)  and  LO  (585  cm'1)  phonon  features  of 
indium  nitride  polycrystalline  films  in  the  NIR 
and  Raman  spectra  are  observed  and  discussed. 
The  attractive  possibilities  of  InN  layers  as  top 
coatings  of  InN/Si  tandem  heterojunctions  for 
potential  application  in  PV  devices  including 
high  efficiency  space  solar  cells  are  discussed. 

Over  the  last  ten  years,  indium  nitride  has 
become  the  focus  of  growing  interest  as  III-V 
semiconductor  with  direct  band  gap  about  2.0  eV 
and  therefore  possessing  of  potential  application 
in  photonic  devices  such  as  LEDs,  lasers,  full 
color  displays,  especially  high  efficiency  solar 
cells  [1],  The  physical  properties  of  InN  thin 
films  obtained  by  different  methods  have  been 
studied  in  numerous  works  [2-8]  including  ones 
of  the  author.  However  optical  and  electric 
parameters,  such  as  dielectric  and  optical 
constants,  energy  gap,  effective  mass  of  carriers 
as  well  as  phonon  wavenumbers  await  for  further 
more  accurate  definition.  A  lack  of  single  crystal 
samples  explains  the  situation  regarding  the 
above  data.  No  structural  or  thermal  properies  of 
InN  have  been  studied  for  epitaxial  films  on 
lattice-matched  substrates.  For  this  reason,  this 
paper  presents  original  structural  and  optical  data 
for  InN  polycrystalline  films  synthesized 
previously  and  recently  by  LTPERS  [6-8],  It  also 
offers  to  use  the  potentional  possibilities  of 
InN/Si  heterojunctions  in  PV  devices,  including 
high  efficiency  and  radiation  stable  solar  cell 
arrays  for  space  destination. 

Inasmuch  as  a  dissociation  temperature  of 
InN  films  is  about  650°C  [2],  therefore  the  low 
temperature  growth  technique  is  required.  In  our 
case,  LTPERS  equipment  to  synthesize  InN  thin 
films  was  used.  Intensive  Ti-wire  evaporation, 
applied  as  getter,  was  carried  out  during  all  time 


of  deposition  process  to  reduce  oxygen 
contamination  inside  of  the  reactor  and  in  the 
growing  films  as  well.  High  quality  smooth 
surfaced  Si,  quartz,  fluorite  and  compound 
ceramics  were  used  as  substrates.  During  film 
growth,  the  substrate  temperature  was  about 
350°C,  due  to  intensive  ion  bombardment  of  the 
top  electrode  (anode)  during  sputtering  process. 
Film  thickness  varied  in  the  range  100-2000  nm. 
To  determine  the  chemical  composition  of  the 
sputtered  InN  films  Auger  spectrometer  (J  AMP- 
10)  was  used.  The  surface  morphology  and  the 
microstructure  of  a  cross-section  of  the  films 
were  investigated  using  Philips  SEM5V  scanning 
electron  microscope  plus  standard  atomic  force 
microscope  (AFM)  equipment.  The  crystalline 
structure  parameters  of  the  sputtered  films  were 
determined  using  an  X-ray  diffractometer 
(DRON-3)  employing  Cu(ka)  radiation,  and  also 
by  means  of  die  electronograph  EG- 100a. 
Reflectance  and  transmittance  measurements  in 
visible  and  NIR  regions  (25000-200  cm'1)  were 
carried  out  using  a  Bruker  IFS-66  Fourier 
transform  spectrometer  (FTIR)  and  Carl  Zeiss 
M40  grating  spectrometer,  respectively.  A 
Raman  spectrometer  Dilor  XY  equipped  with 
microscope,  was  used  to  study  the  phonon 
spectra  of  the  nitride  films. 

X-ray  diffraction  patterns  of  a-InN  (wurtzite) 
layers  deposited  on  ceramic  substrates 
demonstrate  a  very  strong  diffraction  peak 
corresponding  to  the  InN  (002)  plane.  This 
suggests  a  textured  crystalline  structure  of 
deposited  layers,  where  the  c  axis  is 
perpendicular  to  the  plane  of  substrate.  The  same 
result  was  obtained  from  study  of  the  RHEED 
pattern  of  InN  film  on  ceramics  (Fig.  1).  These 
results  plus  an  Auger-investigation,  show  that  no 
outsider  phases  except  InN  one  were  presented  in 
the  films.  Some  off-stoichiometric  In/N  ratio, 
with  an  abundance  of  In  inside  nitride  films  was 
caused  by  nitrogen  vacancies.  A  perceptible 
oxygen  concentration  was  revealed  in  the  films 
probably  leading  to  amorphous  indium  oxide 
partialy  forming  (bound  oxygen).  Moreover, 
other  unactive  oxygen  molecules  are 
incorporated  in  voids  between  the  InN  graines. 
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Figure  1 .  RHEED  pattern  of  InN  layer  on  SiC>2 

Further  transmittance  and  reflectance  spectra 
in  visible  range  were  taken  to  determine  the  band 
gap  energy  of  InN  thin  films  on  CaF2  (fluorite) 
substrates.  In  this  procedure  the  gap  energy  was 
derived  from  absorption  coefficient  spectrum  of 
InN  layer  and  yielded  Eg=  2.03  eV  which  is  very 
close  to  earlier  value  [6],  Moreover,  the  PDS 
method  was  used  to  explore  some  peculiarities  in 
the  free  carriers  absorption  spectra  for  InN 
polyctystalline  films  deposited  on  different 
substrates.  In  order  to  obtain  the  necessary 
information  about  phonon  features  of  InN  films 
as  well  as  to  determine  precisely  some  optical 
parameters  the  Drude-Lorentz  formalism  was 
used  for  dielectric  function  modeling  procedure 
to  reflectance  spectra  from  both  InN  films 
surface  and  bare  fluorite  substrate.  Final  result 
shown  a  good  agreement  between  experimental 
data  and  the  calculated  curve  [7],  Also,  in  our 
opinion,  reflectance  peaks  at  485  and  590  cm'1 
respectively,  are  connected  with  TO  and  LO 
modes  vibration  of  indium  nitride  [3-5].  An 
identical  result  was  obtained  from  a  study  of 
Raman  spectra  for  InN  textured  films  (>1  pm 
thick)  on  ceramics.  The  broadening  of  the  peak 
at  485  cm'1  in  die  Raman  spectra  of  nitride  layer 
(Fig.  2)  is  very  close  to  that  observed  in  the 
reflectance  spectra.  However,  because  of  the 
imperfect  crystalline  structure  of  our  samples,  we 
can  observe  only  two  apparent  optical  phonon 
modes:  Ei(TO)  at  485  cm'1  and  Ai(LO)  at  585 
cm'1.  For  this  reason,  it  was  also  difficult  to  find 
the  main  LO  phonon  mode  at  694  cm'1,  as 
predicted  by  Osamura  et  al.  [4], 


v,  cm'1 


In  order  to  estimate  the  potential  possibilities 
of  InN  film  material  for  solar  cell  fabrication, 
some  theoretical  and  practical  considerations 
were  used.  To  achieve  an  optimum  power 
conversion  efficiency  T|  for  solar  cells  based  on 
an  InN  n-layer  (emitter)  and  p-Si  (base),  large 
a(E),  minority  carrier  lifetime  t,  diffusion  length 
L  (at  least  aL>3  for  front  side  illumination)  and 
surface  recombination  velosity  S  have  to  be 
combined.  This  can  be  achieved  under 
compromise  condition  of  optimum  band  gaps  Eg 
(~1.0  and  2.0  eV)  for  an  efficient  tandem  system 
consisting  of  several  stacked  single  cells  between 
alargeEcOr  Voc[l]. 

Summarizing,  an  appropriate  solar  cell  base 
material  should  exhibit  a  proper  energy  gap  and 
a  strong  absorbtion  (ainN  >104  cm'1)  adjusted  to 
the  solar  spectrum,  a  dopability  by  carriers 
featuring  high  mobilities  and  long  lifetimes. 
Another  important  advantage  of  an  InN/Si 
heterojunction  in  future  solar  cells  is  a  protective 
function  including  protection  from  radiation 
using  the  absorbtive  InN  layer  as  a  top  coating. 
The  existing  problem  of  heteroepitaxy  of  InN 
films  on  Si  will  be  resolved  by  research  into  an 
appropriate  buffer  layer  (e.g.  AIN  thin  layer)  on 
InN-Si  interface,  to  match  the  lattice  periods  and 
improve  of  the  heterojunction  operating 
parameters.  The  fabrication  of  high  quality 
heterojunctions  with  InN/Si  and  its  further 
characterization  are  also  of  great  importance  for 
manufacturing  of  high  efficiency  solar  cells  for 
terrestrial  and  space  applications. 
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Figure  4.  Typical  Raman  spectra  of  InN  layer 
deposited  on  ceramics. 
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A  successful  use  of  refractory  metals  and  alloys 
in  structures  operating  under  conditions  of  high- 
temperature  oxidizing  and  aggressive  gaseous 
atmospheres  depends,  to  a  great  extent,  on  the 
solution  of  problems  associated  with  the 
development  of  reliable  protective  coatings. 

This  paper  examines  the  strength,  deformability, 
and  load-carrying  capacity  of  niobium  alloy 
5VMTs  of  the  Nb-W-Mo-Zr  system  both  in  the 
initial  state  and  with  ceramic  slip  coatings  based 
on  molybdenum  and  hafnium  silicides  under 
conditions  of  short-term  and  long-term  static 
tension  in  vacuum,  inert  medium,  and  in  air  in  the 
temperature  range  from  290  to  2070  K.  A 
procedure  has  been  developed  for  assessing  the 
damage  accumulated  in  the  niobium 
alloy/silicide-ceramic  coating  composite  under 
high-temperature  loading. 

The  investigation  of  the  mechanical 
characteristics  of  the  alloy  and  the  composite  was 
performed  on  plane  and  cylindrical  five-fold 
proportional  specimens  using  general-purpose 
high-temperature  setups.  The  specimens  were  cut 
from  a  2mm  thick  rolled  plate  and  a  rod  60  mm  in 
diameter  in  the  as-delivered  condition  (annealing 
for  2  hours  at  1670  K). 

On  fabrication,  the  specimens  were  annealed  for  1 
hour  at  1470  K  to  relieve  internal  stresses.  A 
ceramic  coating  on  the  specimen  working  portion 
was  formed  by  double  dipping  into  a  slip 
containing  the  silicides  MoSi2  +  Mo5Si2  +  HfSi2 
followed  by  a  low-  and  high-temperature 
annealing  and  vacuum  diffusive  silicification  for 
8  hours  at  1470  K  with  an  activating  agent.  The 
specimens  were  annealed  at  1670  K  for  30  min  on 
applying  the  first  layer  of  the  slip  and  at  2120  K 
for  30  min  on  re-applying  the  silicide-ceramic 
mixture  of  the  same  composition. 

To  investigate  the  effect  of  thermal  treatment  on 
the  mechanical  properties  of  niobium  alloys,  a 


part  of  the  specimens  was  annealed  according  to 
the  above  stepwise  temperature  regime  without 
applying  a  coating. 

In  the  process  of  active  tensioning  of  the 
specimens  at  the  rate  of  2  mm/min  that 
corresponded  to  the  relative  strain  rate  -2.2T0'3 
s  1 ,  the  stress-strain  diagrams  were  recorded,  from 
which  we  determined  the  proportionality  limit 

ct  pr ,  offset  yield  stress  a  02 ,  ultimate  strength  a , , 
relative  elongation  5,  and  the  relative  uniform 
strain  5  uniform  of  the  specimen. 

Creep  tests  of  alloy  5VMTs  and  the  niobium 
alloy/silicide-ceramic  coating  composite  were 
performed  at  temperatures  of  1770,  1970,  and 
2020  K  in  vacuum,  inert  atmosphere,  and  in  air. 
The  values  of  the  applied  stresses  were  from  0.3 
to  1.0  of  the  material  offset  yield  stress  at  the 
corresponding  temperature.  The  curves  of  high- 
temperature  creep,  long-term  strength,  and  of 
0.5%  and  1.0%  creep  strengths  were  constructed 
from  the  test  results.  When  processing  the  curves 
obtained,  the  creep  strengths  of  the  composite 
were  determined,  i.e.,  the  stresses  inducing  strains 
of  0.5%  and  1.0%  within  the  test  times  of  0.1,  1.0, 
and  10  hours. 

To  study  the  ultimate  states  of  the  niobium 
alloy/heat-resistant  coating  composite  in  the 
course  of  high-temperature  mechanical  loading,  a 
procedure  has  been  developed,  which  is  based  on 
the  metallographic  investigation  of  the  kinetics  of 
initiation  and  growth  of  damages  in  the  coating 
and  in  the  matrix  at  different  levels  of  plastic 
deformation  of  the  specimen. 

Both  high-temperature  thermal  treatment 
according  to  the  regime  of  applying  the  silicide- 
ceramic  coating  and  the  deposition  of  the  coating 
itself  were  found  to  contribute  to  some  decrease 
in  the  strength  and,  in  particular,  plastic 
characteristics  of  niobium  alloys  resulting,  in  a 
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number  of  cases,  in  the  change  in  the  mode  of  the 
material  fracture  from  ductile  intragranular  to 
ductile  intercrystalline  one.  Thus,  both  the 
ultimate  strength  and  the  offset  yield  stress  for 
alloy  5VMTs  decrease  by  5  to  10%  in  the 
temperature  range  from  290  to  1770  K  with  the 
level  of  softening  increasing  with  temperature.  In 
this  case,  the  relative  elongation  decreases  from 
7%  to  27  %  in  the  range  between  290  and  1270  K 
and  from  45%  to  50%  in  the  range  between  1520 
and  2070  K. 

Deposition  of  a  silicide-ceramic  coating  to  alloy 
5VMTS  leads  in  the  tests  in  vacuum  to  a  decrease 
in  its  offset  yield  stress  from  8%  at  1270  K  to 
33%  at  2020  K.  In  the  tests  in  an  inert  atmosphere 
and  in  air,  the  extent  of  softening  of  the 
composite  as  compared  to  the  parent  material  is 
much  lower. 

The  relative  elongation  of  the  alloy 
5VMTs/ceramic-coating  composite  in  the 
temperature  range  from  1270  to  1970  K  is  2  to  4 
times  lower  as  compared  to  the  parent  material 
with  the  maximum  decrease  in  the  plastic 
characteristics  of  the  composite  taking  place  in 
tests  in  air. 

The  investigation  of  the  damage  accumulated  in 
the  composite  under  conditions  of  high- 


temperature  tension  revealed  that  cracks  in  the 
ceramic  coating  initiate  already  at  early  stages  of 
plastic  deformation  (up  to  0.5%).  When  the  tests 
were  performed  in  air,  we  observed  both  the 
formation  of  new  cracks  and  healing  of  the  cracks 
that  existed  earlier.  For  strains  in  excess  of  0.5  to 
0.7%,  the  cracks  initiated  in  the  coating  penetrate 
the  matrix,  and  this  is  already  impermissible  from 
the  standpoint  of  further  safe  operation  of  the 
structure. 

As  a  result  of  the  investigation  of  creep  and  long¬ 
term  strength  of  the  niobium  alloy/silicide- 
ceramic  coating  composite,  the  values  of  the 
limits  of  0.5%  and  1.0%  creep  for  the  composites 
were  obtained  at  temperatures  of  1770  and  2020 
K  for  the  test  times  of  0.1,  1.0,  and  10  hours.  For 
instance,  the  creep  strength  of  the  composite 
inducing  strains  of  0.5%  within  the  test  time  of  1 
hour  in  argon  is  25  MPa  at  1770  K  and  8  MPa  at 
2020  K.  In  air,  the  above  values  are  higher 
accounting  for  30  MPa  at  1770  K  and  10  MPa  at 
2020  K. 

The  results  of  the  investigations  were  used  in 
strength  analysis  for  structural  elements  of  the 
objects  of  rocket  and  space  engineering  operating 
under  extreme  conditions. 
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Conventional  processes  of  strain-thermal  treatment 
of  materials  for  formation  of  fine-grained  structure 
in  them  are  rather  high  expensive  and  non- 
efficient.  Treatment  of  materials  by  powerful  cur¬ 
rent  pulses,  namely,  powerful  electric  pulse  treat¬ 
ment  (PEIT),  is  an  accelerated  and  efficient 
method  for  modifying  structure  and  mechanical 
properties  of  metallic  alloys. 

The  present  paper  considers  structure  change  in 
materials  during  processing  by  powerful  current 
pulses  providing  the  rate  of  heating  ~106-107  K/s. 
Flat  samples  of  copper  99.9Cu  and  aluminum  alloy 
Al6.0Mg0.6Mn  at  strain  values  from  0.3  to  1.6, 
produced  by  cold  rolling  were  subjected  to  current 
pulses  of  various  densities  and  duration  ~102  ps, 
generated  by  a  bank  of  capacitors.  After  that  the 
samples  were  rapidly  cooled  to  room  temperature 
for  about  1  ps.  Reference  samples  were  annealed 
in  an  electric  resistance  furnace. 


0  100  200  300  400  500 


T.  °C 

Fig.  1.  Dependence  of  microhardness  (upper)  and 
grain  size  (below)  on  temperature  of  annealing  for 
copper  99.9Cu  . 


Figs,  la,  b  show  the  dependence  of  changes  in  mi¬ 
crostructure  and  grain  size  on  temperature  of  an¬ 
nealing  for  copper  99.9Cu. 

Changes  in  microhardness  and  mean  grain  size 
depending  on  conventional  temperature  of  PEIT 
are  shown  in  Fig.2. 


Fig.2.  Dependence  of  microhardness  (upper)  and 
grain  size  (below)  on  power  of  PEIT  for  copper 
99.9Cu. 

Analyzing  the  obtained  dependencies  one  can  con¬ 
clude  that  in  spite  of  the  qualitative  similarity  of 
static  recrystallization  and  recrystallization  during 
PEIT,  there  exist  a  number  of  significant  differ¬ 
ences  between  them.  Firstly,  thermal  recrystalliza¬ 
tion  occurs  in  the  temperature  range  100-200°C, 
while  recrystallization  during  PEIT  is  realized  at 
temperatures  500-600°C.  Secondly,  the  decrease  in 
microhardness  during  static  annealing  begins  at 
temperatures  significantly  less  than  temperatures 
of  recrystallization  onset  that,  as  known,  is  con¬ 
nected  with  redistribution  of  defects  of  a  crystal 
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lattice  whereas  microhardness  of  samples  during 
PEIT  remains  constant  over  a  wide  range  of  Kj 
(Fig.2a).  Thirdly,  during  PEIT  the  significant  de¬ 
crease  in  grain  size  (portion  AB  for  the  strain  e=0.3 
and  CD  -  for  e=0.8)  starts  only  after  the  significant 
decrease  in  microhardness  as  compared  to  the  ini¬ 
tial  state.  During  static  annealing  the  most  signifi¬ 
cant  decrease  in  grain  size  (areas  AB  and  CD  in 
Fig.l)  occurs  simultaneously  with  decreasing  mi¬ 
crohardness.  During  PEIT  at  e=0.8  the  significant 
decrease  in  microhardness  occurs  already  at  once 
after  grain  refinement  (below  the  point  D). 


Kj,  1 0s  A2s/mm4 


Kj.  10s  A2  s/mm4 


Fig.3.  Dependence  of  microhardness  (below)  and 
grain  size  (upper)  on  temperature  of  annealing  for 
the  alloy  A16.0Mg0.6Mn. 

Dependencies  of  microhardness  and  grain  size  on 
temperature  of  annealing  for  the  alloy 
A16.0Mg0.6Mn  is  shown  in  Fig.3. 

As  seen  from  the  plot,  the  noticeable  decrease  in 
microhardness  occurs  over  the  temperature  range 
225-300°C  at  all  strain  values.  The  increase  in  the 
temperature  of  annealing  up  to  600°C  does  not 
leads  to  the  noticeable  change  in  microhardness 
being  equal  to  0.9  GPa.  The  refinement  of  granular 
structure  occurs  in  all  stress  over  the  temperature 
range  300  -  400°C  At  annealing  temperatures 
above  400°C  grain  coarsening  starts  in  the  samples 
and  at  the  temperature  600°C  the  grain  size  in  all 
three  states  achieves  80  pm  and  more. 


T,  °C 


T  ,  °C 

Fig.4.  Dependence  of  microhardness  (below)  and 
grain  size  (upper)  on  power  of  PEIT  for  the  alloy 
A16.0Mg0.6Mn. 

Changes  in  microhardness  and  grain  size  in  sam¬ 
ples  out  the  alloy  A16.0Mg0.6Mn  depending  on 
conventional  temperature  of  PEIT  are  shown  in 
Fig.  4. 

During  PEIT  the  temperature  range  (150  500°C) 
over  which  microhardness  decreases  is  wider  as 
compared  to  static  annealing.  As  the  calculated 
temperature  500  -  600°C  is  reached  the  value  of 
microhardness  in  all  three  states  approaches  one 
value  and  becomes  equal  to  1 . 1  GPa  that  is  higher 
than  at  maximum  temperatures  of  annealing.  PEIT 
with  the  power  Kj>0,08- 1 0s A2sec/mm4  leads  to 
refinement  of  granular  structure  and  as  the  power 
achieves  the  value  corresponding  to  the  calculated 
temperature  «  600°C  the  minimal  recrystallized 
grain  size  in  all  three  states  becomes  2  pm. 

On  the  basis  of  the  results  of  metallographic  analy¬ 
sis  and  the  measurement  of  microhardness  one  can 
conclude  that  powerful  current  pulses  cause  ther- 
moactivated  recrystallization  of  a  material.  Since 
processing  is  very  short-term,  coarsening  cannot  be 
realized  fully  though  the  samples  heated  to  the  pre¬ 
melting  temperature.  It  has  been  established  that 
PEIT  provides  formation  of  microstructure  with 
grains  finer  than  after  annealing. 
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During  EET  of  steel  parts  they  undergo  surface 
carburrizing  (up  to  6  %C  wt.)  with  a  further 
quenching  from  the  liquid  state  of  superficial 
layers  with  rates  103-106  K/s  because  of  their 
superheating  by  the  low-temperature  plasma  of 
electric  discharges  to  temperature  not  higher  than 
the  boiling  point  of  metal  (»3000  °C).  This  leads 
to  the  formation  of  metastable  phases  and 
structural  components  of  the  so-called  "white 
layer"  (WL)  and  of  the  heat-affected  zone  (HA Z), 
drastically  influencing  their  physico-chemical 
technological  and  exploitation  properties. 

During  EET  (in  kerosene,  with  copper  or  carbo- 
graphitic  electrodes  as  instrument,  at  medium 
currents  5  -  15A  and  length  of  pulses  10'3  c)  of 
steels  20  and  45  (0,2  and  0,45  %C),  the  following 
peculiarities  were  observed. 

1.  The  graphite  inclusions  (nodules)  in  WL 
are  non-spherical  only  from  one  side,  facing  the 
treated  surface,  and  this  is  connected  to  the 
direction  of  heat  flow,  mainly  on  the  stage  of 
cooling.  The  analysis  of  the  structure  of  such 
nodules  (Fig.  1)  has  show  III  that  they  are  not 
"amorphous"  carbon  (soot),  but  a  variety  of 
spheroidal  graphite,  formed  with  the  participation 
of  fullerenes  -  fourth  (after  graphite,  ddiamond 
and  carbyn)  allotropic  form  of  crystalline  carbon 
111. 

2.  In  Fig.  2  the  microstructure  consists  of  a 
sequence  layers  deposited  one  on  other,  including 
unetchable  zones  (4).  The  lower  layer  (1)  in  Fig/  2 
consists  of  a  fine-grained  white  hypoentectic  iron 
with  disorderly  arranged  dendrites  of  austenite 
(products  of  its  decomposition  after  cooling  to 
room  temperature)  and  of  cementite  as  the  result 
of  a  lower-speed  of  crystallization  after  repeated 
heating  cycles. 

In  zone  (2)  a  similar  fine-grained  structure 
contains  additionally  thin  strata  of  secondary 
cementite.  Layer  (3)  consists  also  of  chemically 
inhomogeneous  hypoentectic  white  iron,  but  with 
austenite  dendrites,  mainly  oriented  along  the 
direction  of  heat  flow.  The  size  and  orientation  jf 
second  order  in  the  lower  part  of  these  dendrites 


witness  somewhat  lower  rates  of  cooling  in  this 
zone. 

Certain  cementite  crystals,  including  those  arrayed 
along  a  crack,  underwent  etching  (some  of  them 
not  along  all  their  lenght)  and  have  acquired  a 
distinct  grayish  hue.  In  our  opinion  this  is  the 
result  of  the  transformation  of  non-stoichiometric 
cementite  into  baikovite  /3,  4/.  Taking  into 
account  the  melting  point  of  cementite  (1257  °C) 
and  the  formation  of  a  boundary  between 
formation  of  baikovite  was  found  to  be  1200- 
1000°C  and  this  correlates  with  published  data. 
During  superfast  cooling  of  higt-carbon  melts  (up 
to  5%  wt.)  /5/  a  pseudoeutectic  was  obtained  with 
distinct  microvolumes  consisting  of  a 
homogeneous  solid  solution  of  carbon  in  iron 
with  2,0  -  6,67  %C.  They  are  not  etched  by  nital 
and  caustic  sodium  picrate.  Taking  into  account 
that  the  unetchable  part  (4)  of  WL  is  formed  at 
higher  solidification  rates  than  necessary  for  the 
obtaining  of  a  superfine  eutectic  mixture  of 
phases,  and  that  upon  heating  it  can  be 
transformed  into  a  heterogeneous  mixture,  it  may 
be  assumed  that  the  formation  of  WL  takes  place 
without  a  diffusional  redistribution  of  carbon 
concentration  in  the  liquid  solution.  WL  in  zone 
(4)  is  a  strongly  supersaturated  solid  solution  of 
carbon  in  iron  with  the  same  carbon  content  as 
was  in  the  liquid  phase. 

3.  On  the  WL  -  HAZ  boundary  we  have 
found  a  dark  fringes  along  the  oblong  austenite 
grains  or  isolated  of  WL.  This  fringe  is  the  result 
of  a  metastable  contact-melting  aFe  +  Fe}C  -> 
liquid.  It  can  be  seen  how  the  liquid  phase 
penetrates  from  the  WL  into  HAZ.  This 
penetration  is  observed  in  places  location  where 
grains  with  molten  boundaries  are  closely  located 
to  each  other.  In  separate  case  we  can  even 
observe  the  fusion  of  different  plots  of  the  liquid 
phase  into  a  common  pool.  The  mechanism  of  the 
formation  in  separate  microvolumes  of  a 
metastable  liquid  eutectic  aFe  +  Fe}C  can  be 
explained  with  the  use  of  phase  diagrams  of  E. 
Schurmann  and  R.  Schmied  161,  who  determined 


1  Pa6ota  BbinojiHeHa  noa  pyxoBoacTBOM  npoij)eccopa  A.A.  JKyKOBa. 
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on  the  base  of  thermodynamic  and 
thermochemical  computations  the  separate 
eutectic  points  of  equilibrium  of  either  graphite  or 
cementite  with  ferrite  or  austenite,  namely  1102 
and  1057  °C  correspondingly  for  the  Fe  +  FesC 
and  aFe  +  grafite  systems. 

Most  interesting  is  the  metastable  equilibrium, 
when  the  low-carbon  phase  in  the  interval  727- 
1525  °C  is  not  austenite,  but  a  metastable  ferrite. 
Yet  in  real  conditions  the  crystallization  of 
eutectics  at  high  cooling  rates  and  strong 
carburizing  of  the  metal,  with  a  big  difference  of 
solubilities  of  components,  can  be  shifted  to  very 
low  temperatures,  even  lower  than  1000  °C. 

This  is  corroborates  by  the  fact  that  such  a  contact 
melting  and  subsequent  crystallization  are 
accompanied  at  «  1000  °C  by  austenitization  of 
pearlite  in  this  temperature  range  when  lamellar 
pearlite  is  heated  at  rates  104-106  K/s.  During 
cooling  to  low  temperatures  a  martensite  of  low 
etching  properties  is  formed,  though  in  certain 
parts  of  the  former  pearlite  grains  the  martensitie 
transformation  was  not  total. 

The  existence  of  ferrite  in  contact  with  WL  (see 
Fig.  3),  that  is  with  a  hypoeutectie  white  iron ,  is 
also  an  evidence  of  thereality  of  the  interaction  of 
high-carbon  phases  (graghite  and  cementite)  not 
only  with  ^  Fe,  but  with  aFe  too.  The  structure  of 
WL  is  formed  without  intermixing  of  the  metal, 
therefore  we  have  a  distinct  boundary  between  the 
WL,  the  HAZ  and  the  ferrite  that  remained 
untransformed  as  a  separate  phase  (due  to  lack  of 
time). 

Conclusions 

L  During  EET  of  steels  the  formation  of  the 
microstructure  of  the  surface  layers  takes 
place  with  a  phisico-metallurgical  paradox  - 
the  temperatures  of  some  of  the  phase 
transformations  are  being  lowered  with 
rising  heating  and  cooling  rates .  If  the 
structure  formation  during  EET  occurred  with 
speeds  of  heating  lower  than  actual,  ferrite 
would  have  had  enough  time  to  transform 
itself  into  ^ Fe  (only  slightly  later  than 
pearlite)  and  the  anomalous  low-temperature 
contact  melting  could  not  occur. 

2.  In  the  WL  of  EET-treated  steels  we 
discovered  baikovite ,  formerly  identified  in 
cast  irons,  treated  with  a  laser  beam. 

3.  The  cheoretical  previsions  of  E.  Schumann 
and  Schmied  were  corroborated,  according  to 
them  there  exist  metastable  equilibrium  Fe  - 
C  phase  diagrams  where  the  austenite  phase  is 
replaced  by  ferrite. 
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Fig.  1.  WL  with  graphite  nodules  (steel  20); 
x500;  etched  by  nital 


Fig.  2.  Fragment  of  the  microstructure  of 
WL;  etched  by  nital 


Fig.  3.  Structure  of  HAZ  and  of  a  thim  layer 
of  WL  (steel  45);  x500;  etched  by  nital 
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The  nature  of  the  formation  of  localized  magnetic 
moments  in  metal  crystals  is  studied 
insufficiently.  In  particular,  it  is  due  to  the  role  of 
peculiarities  in  exchange  interaction  of  electrons 
to  the  character  of  the  nearest  atomic  environment 
[1].  The  Ni-based  amorphous  alloys  take  special 
place  among  the  transition  metal  -  metalloid  (TM- 
M)  -  type  amorphous  alloys  because  we  can 
consider  such  alloys  as  the  model  objects  as  they 
have  one  unpaired  electron  [2]. 

To  better  understand  the  magnetic  nature  of  the 
Ni-based  electrodeposited  coatings  we  have  been 
investigated  the  temperature  dependencies  of 
magnetic  susceptibility  x(T)  for  Ni18Pl9  coatings 
of  different  thickness. 

The  Ni81P|9  coatings  with  the  thickness  ranging 
from  12  to  43  pm  have  been  electrodeposited  onto 
electrotechnical  ceramics  (polycor)  using  the 
electrolyte  given  by  Brenner  et  al.  [3]  at  74  °C 
with  a  constant  current  density  of  200  mA/cm2. 
The  thickness  of  NiP  layer  could  be  controlled 
using  different  deposition  times. 

The  temperature  dependencies  of  magnetic 
susceptibility  were  obtained  using  the  Faraday- 
type  technique  with  automatic  microbalance  (the 
sensitivity  was  equal  to  10  n  cm3/g  and  accuracy 
was  better  than  1.5  5).  An  experimental 
temperature  interval  was  T  =  300  -  850  K.  The 
heating  rate  not  exceeded  8  K/min. 

All  the  investigated  coatings  can  be  divided  into 
two  groups.  The  first  group  includes  thin  coatings 
(D  <  20  pm)  and  the  second  one  includes  the 
ribbons  with  D  =  25  and  43  pm.  To  reveal  the 
peculiarities  of  the  coatings’  structure  we  have 
carried  out  the  X-ray  diffraction  studies,  using 
FeKx  -  radiation.  For  the  ribbons  of  the  first  group 
the  diffraction  pattern  is  halo  that  evidences  for 
their  amorphous  structure.  For,  the  rest  coatings 
the  diffraction  pattern  is  the  superposition  of  the 
above  mentioned  halo  and  weak  Bragg  peaks 
corresponding,  to  our  mind,  to  the  reflections 
from  f.c.c.  Ni(P)-type  crystal  inclusions.  It  is 
necessary  to  note  that  the  intensity  of  the  latter 
increases  with  the  coating  thickness. 
Consequently,  the  coating  structure  changes  from 


amorphous  to  amorphous-crystalline  with  D 
increase.  Also,  according  to  the  X-ray  diffraction 
analysis  data  the  f.c.c.  -  phase  has  some  greater 
value  of  the  lattice  period  than  that  for  pure  nickel. 
That  is  related  on  our  opinion  to  the  Ni(P)  solid 
solution  formation. 

The  temperature  dependencies  of  the  magnetic 
susceptibility  x(T)  for  Ni,8P,9  coatings  of  different 
thickness  D  obtained  by  the  Faraday  method  within 
the  wide  temperature  range  are  shown  at  Figs.  1,  2. 
X  values  for  all  coatings  of  the  first  group  are 
smoothly  decreased  with  temperature  increasing. 
The  x(T)  dependencies  for  the  coatings  of  second 
group  are  rather  significant,  displaying  a 
ferromagnetic-like  shape.  At  the  temperature  range 
530  -560  K  a  small  increasing  of  x  is  observed 
while  heating  due  to  crystallization  of  samples.  The 
appropriate  values  of  crystallization  temperature  Tx 
are  listed  in  Table.  This  Table  also  contains  the 
values  of  the  Curie  temperature  of  the  samples  in 
crystalline  state. 
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Table. 

The  crystallization  temperature  Tx,  the  curie 
temperature  Tc  of  Ni8iP|9  coatings  with  different 
thickness  D 


D,  pm 

TX,K 

TC,K 

12 

565 

585 

16 

540 

592 

18 

530 

590 

25 

565 

570 

43 

560 

565 

The  analysis  of  x(T)  shows  that  the  experimental 
curves  can  be  described  by  the  superposition  of 
three  terms  of  susceptibility: 

X  =  Xd  +  XP  +  Xcw, 

where  Xcw  is  the  Curie-Weiss  paramagnetic  term, 
XP  is  the  Pauli  paramagnetic  and  Xd  is  the  ion-core 
diamagnetic  term.  From  the  analysis  of  the  Xcw 
term  we  have  obtained  the  values  of  mean 
localized  magnetic  moment  p  and  of  localized 
magnetic  moment  per  Ni  atom  Pni-  The  latter  one 
was  found  to  be  almost  constant  (<  Q.3pb)  for  the 
ribbons  of  the  first  group.  Besides,  it  was  found 
that  x  values  increase  with  D  almost  tenfold.  So 
far,  one  can  suppose  that  these  experimental  facts 
testify  the  presence  of  the  ferromagnetic 
inclusions  (or  clusters)  in  such  coatings.  The 
contribution  of  clusters  to  magnetic  properties  of 
the  coatings  increases  with  their  thickness. 

Thus,  for  the  investigated  samples  the  coating 
thickness  variations  correspond  to  the  cooling  rate 
is  changed  almost  tenfold.  So,  for  thick  layers  the 
cooling  rate  is  insufficient  to  form  the  absolute 
disordering  state  during  quenching.  Thus,  the 
atomic  crystal-like  clusters  could  be  saved  in 
coating  during  electrodeposition. 

These  clusters  essentially  influence  the  magnetic 
properties  of  coatings.  They  cause  the  appearance 
of  the  ferromagnetic  component  of  x-  So,  we  can 
consider  that  the  presence  of  magnetic  clusters  in 
Ni-P  amorphous  alloys  is  not  its  characteristic 
feature  but  is  determined,  first  of  all,  by  the 
technological  regimes  of  preparation. 

Also,  it  was  interesting  to  analyze  the  magnetic 
state  of  NI  atoms  in  paramagnetic  state.  As  it  was 
mentioned  above,  the  value  of  localized  magnetic 
moment  does  not  exceed  0.3pB.  This  value  is 
significantly  less  that  for  pure  paramagnetic  Ni 
(pNi  =  1.66pB).  To  our  mind,  such  difference  in 
value  associated  with  quenching  of  the  spin 


moment  of  atoms  by  an  internal  field.  This 
phenomenon  takes  place  due  to  d-electron  transport 
peculiarities  among  components  of  the  alloy  and  is 
known  for  crystalline  alloys,  too  [4].  In  the  case  of 
amorphous  metallic  alloys  this  phenomenon  has  to 
display  more  clearly  due  to  the  influence  of  two 
factors  that  lead  to  essential  weakening  of  the 
interatomic  exchange  interaction.  The  first  is  the 
absence  of  the  long-range  order  in  amorphous 
alloys  and,  the  second  is  the  presence  of  P  metalloid 
atoms  for  which  d-states  are  empty.  The  above 
mentioned  reasons  evoke  an  essential  decrease  in 
the  d-d  bond  formation  probability  between  metallic 
atoms.  Under  these  conditions  the  intratomic 
interaction  becomes  predominant.  Therefore,  when 
the  orbital  moment  is  quenched,  the  spin  moment 
may  be  also  quenched. 
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Carbon-based  materials  find  the  increasingly  wide 
industrial  applications  due  to  their  unique 
combination  of  high  corrosion  resistance  and 
thermal  stability  with  low  density.  An  active 
search  for  the  novel  materials  that  meet  the 
modem  requirements  to  be  used  in  aircraft  and 
automobile  industry,  space  equipment,  energetic 
has  led  to  the  creation  of  the  carbon  composite 
materials  (CCM)  [1],  However,  the  traditional 
technologies  based  on  the  usage  of  the  carbon 
fibers  or  pyrolitic  graphite  are  usually  extremely 
power  consuming.  So  the  development  of  the  new 
technologies  of  CCM  production  basing  on  the 
natural  graphite  is  promising.  The  method  of  the 
chemical  modifying  of  the  thermoexfoliated 
graphite  (TEG)  surface  to  obtain  the  necessary 
complex  of  physical  and  chemical  properties  is 
the  main  method  to  create  CCM  [2],  The 
possibility  of  the  uniform  distribution  of  metal 
component  through  CCM  volume,  the  possibility 
of  the  variation  of  phase  composition  of  coating’s 
content,  the  simplicity  of  fabrication  determine 
the  advantages  of  this  method. 

The  investigated  samples  of  TEG+Ni,  Co,  Fe 
were  produced  by  the  chemical  modification 
method  according  to  two  alternative  procedures. 
According  to  the  first  one  graphite  was 
preliminary  thermoexfoliated  and  then  the 
modifier  was  deposited  on  the  surface  of  TEG 
particles  through  several  successive  chemical 
reactions:  impregnation  of  TEG  with  metals 
acetate,  drying  and  reduction  of  metals  in  the  flow 
of  hydrogen  at  the  appropriate  temperatures.  The 
powders  of  modified  TEG  produced  by  this 
method  had  the  density  of  (0.03  -  0.07)g/cm3 
which  considerably  exceeded  the  density  of  initial 
TEG.  The  second  procedure  consists  in  the 
impregnation  of  natural  graphite,  its  heat 
treatment  through  thermal  impact  and  subsequent 
reduction  of  metals. 

The  X-ray  phase  analysis  (DRON-4 
diffractometer,  filtered  CoKa-radiation)  was  used 
to  study  phase  composition  of  the  prepared 
composites.  Scanning  electron  microscopy  (JSM- 
840  microscope)  was  used  to  study  morphology, 


shape  and  distribution  of  metal  particles  on  the  TEG 
surface.  LAS-2000  system  (“Riber”,  France)  was 
used  to  determine  the  element  composition  of  the 
obtained  materials  and  the  types  of  possible 
chemical  compounds  being  formed  at  the  sub¬ 
surface  layers  by  SIMS  and  the  Auger  spectroscopy 
methods.  It  becomes  possible  to  detect  the  change 
of  the  mentioned  parameters  in  the  depth  of  the 
samples  through  the  ion  etching  of  their  surface  (the 
etching  rate  was  equal,  as  a  rule,  0.3  nm/min). 

Temperature  dependencies  of  the  magnetic 
susceptibility  were  obtained  using  the  Faraday-type 
technique  with  automatic  microbalance  (the 
sensitivity  was  equal  to  10'"  cm3/g  and  accuracy 
was  better  than  1 .5  %). 

Detailed  investigations  of  the  samples  prepared 
according  to  the  first  procedure  have  shown  that 
modification  of  TEG  yields  homogeneous, 
uniformly  distributed  fine  disperse  impregnations  of 
metal  no  more  than  300  nm  in  size  located  both  on 
the  ends  of  TEG  particles  and  on  the  surface  of  their 
layers  moved  apart  by  exfoliation.  These 
impregnations  consist  of  smaller  crystallites  about 
10-50  nm  in  size.  Therewith,  the  samples  prepared 
by  the  second  procedure  contain  essentially  large- 
scaled  metallic  particles. 

TEG+Ni.  According  to  the  data  of  the  X-ray  phase 
analysis  the  modification  of  TEG  by  Ni  results  in  a 
formation  of  fine  Ni  particles  on  the  surface  of 
graphite  that  is  confirmed  by  the  sharp  broadening 
of  the  appropriate  diffraction  peaks.  The  magnitude 
of  magnetic  susceptibility  x  depends  linearly  on 
nickel  content  at  T=  300K  and  its  temperature 
dependence  is  typical  for  the  ferromagnetics  in 
general.  It  was  found  that  the  Curie  temperature  Tc 
depends  noticeably  on  concentration  of  modifier  in 
TEG  and  decreases  with  nickel  content  but  still 
remains  lower  than  for  pure  bulk  nickel  [3].  Taking 
into  account  the  model  proposed  in  [4],  we  could 
make  a  statement  that  the  nature  of  such  changes  in 
Tc  is  directly  related  with  the  crystallite  sizes  L  of 
modifier.  The  analysis  of  temperature  dependencies 
of  magnetic  susceptibility  revealed  that  calculated 
values  of  the  paramagnetic  Curie  temperature  0 
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Table  1 


Magnetic  properties  of  TEG  +  Ni  and  sizes  of  Ni 
particles 


Ni 

content, 
wt.  % 

Tc,  K 

M'Nij  Mb 

e,K 

L,  nm 

10 

589 

1.48 

596 

5 

30 

611 

1.64 

599 

11 

50 

612 

1.72 

600 

12 

practically  do  not  depend  on  Ni  content  and 
localized  moment  per  Ni  atom  Uni  increases  with 
the  increasing  of  cN„  finally  approaching  the  value 
of  V3)iip  which  is  characteristic  to  single  unpaired 
d-electron.  The  mentioned  parameters  of  the 
studied  samples  are  listed  in  Table  1.  Reasoning 
from  the  findings  reported  in  Ref.[5]  the  described 
regularities  of  magnetic  properties  of  TEG+Ni 
composites  should  be  considered  as  an  evidence 
of  validity  of  the  proposed  mechanism  of  the 
Curie  temperature  decreasing  in  the  nanoscaled  Ni 
system. 

TEG+Co.  The  specimens  prepared  according  to 
the  first  procedure  exhibit  x(T)  behavior  while 
heating  that  is  typical  for  ferromagnetic 
amorphous  metallic  alloys  [6]  (as  an  example  see 
Fig.  1).  Starting  from  530  K  the  susceptibility 
becomes  to  change  non-monotonically.  y(T)  is 
almost  the  same  in  the  temperature  range  of  530  - 
700  K  and  is  increased  with  further  heating  for 
TEG  +10%  Co.  The  same  but  less  pronounced 
peculiarities  are  observed  for  TEG  =  30  %  Co  and 
TEG  +  50%  Co,  therewith  the  temperature  when 
the  susceptibility  becomes  to  rise  is  decreased 
(640  and  600  K,  respectively).  This  circumstance 
permits  to  argue  that  the  structure  of  the  modifier- 
metal  is  almost  amorphous  at  the  initial  stages  of 
precipitation.  At  the  latest  stages  the  metal 
particles  possess  the  crystalline  structure  that  is 
typical  for  cobalt.  This  is  confirmed  by  the  X-rays 
diffraction  data  that  proved  the  presence  of  both 
f.c.c.  and  amorphous  cobalt  in  as-prepared 
materials.  The  investigation  of  element  content  of 
Co  particles  by  Auger  spectroscopy  method  has 
shown  the  presence  of  oxygen  together  with  basic 
elements  (Co,  C).  Oxygen  is  detected  in  surface 
layers  of  15-30  nm  thick.  y(T)  curves  for 
TEG+Co  samples  prepared  by  the  second 
procedure  is  in  general  the  similar  to  those 
described  earlier.  Meanwhile,  the  change  of  % 


after  heating-cooling  cycle  is  more  pronounced  that 
is  the  evidence  of  more  non-equilibrium  state  of 
metallic  particles.  This  fact  dictates  the  improved 
resistance  against  oxidation  just  for  these  samples. 


Fig.  1 .  x(T)  dependencies  for  TEG  +  10  wt.%  Co; 
■  -  heating,  •  -  cooling. 


TEG+Fe.  The  shape  of  x(T)  curves  for  the  samples 
prepared  by  the  second  procedure  (maximum  of  x 
at  T-650-700  K  and  subsequent  gradual  decrease  to 
almost  zero  values)  displays  the  presence  of 
ferromagnetic  component  and  its  partially 
amorphous  structure  The  estimated  value  of  Tc  is 
equal  to  802  K,  that  is  in  a  good  agreement  with  Tg 
value  for  Fe304.[3]  The  formation  of  this  phase  was 
also  confirmed  by  the  X-ray  diffraction  and  SIMS. 
X(T)  curves  for  TEG+Fe  samples  prepared  by  the 
first  procedure  (Fe  content  10,  30  and  50  wt.%) 
exhibit  a  considerable  difference  as  compared  to 
those  described  earlier:  the  absence  of  x  maximum 
at  650-700  K  range  and  difference  between 
susceptibility  values  measured  while  heating  and 
cooling.  Such  behaviour  evidences  the  formation  of 
equilibrium  crystalline  phases  at  the  stage  of 
samples’  preparation. 

This  work  was  supported  in  part  by  STCU  through 
Grant  #1618. 
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Now  the  problem  of  decrease  of  the  charge 
traditional  hard  alloys  tool  materials  of  marks  BK, 
TK  is  solved  wide  application  wolframless  firm 
alloys  of  marks  TH20,  KHT16,  KXH15 

For  increase  stability  of  characteristics  many- 
sided  non  sharpen  back  hard  alloys  plates  with 
mechanical  fastening  frequently  resort  to  drawing 
on  working  surfaces  of  coverings  on  a  basis 
carbides  transitive  metals  IV-V  of  groups  of 
periodic  system  that  allows  to  increase  durability 
of  tools  in  some  times  [1,2,3]. 

Among  known  coverings,  witch  coated  on  a 
surface  of  firm  alloys,  the  greatest  practical 
application  have  received  single-layered  coverings 
on  a  basis  carbide  the  titan  and  multilayered 
coverings  on  a  basis  carbide  titan  TiC,  nitrideTiN 
of  titan  and  aluminium  oxide  A1203.  Application 
of  coverings  on  wolframless  firm  alloys  is 
interfered  by  absence  of  technological  receptions 
their  drawing,  and  also  incomplete  character  of 
the  information  on  structure,  structures  and 
properties  of  coverings  [4,5,6], 

In  the  present  work  of  a  covering  on  the  basis  of 
the  titan,  vanadium  and  xpoMa  on  a  surface  of  a 
firm  alloy  of  mark  TH20,  rendered  in  an  interval 
of  temperatures  1223  -  1373°C  and  time  of 
endurance(quotation)  0,5  -  6  hours.  Process  of 
saturation  by  transitive  metals  carried  out  in  the 
closed  reactionary  space  at  the  lowered  pressure 
with  use  as  initial  reagents  of  powders  of  the  titan, 
vanadium,  xpoMa,  four-chloride  carbon  and  the 
carbonaceous  additive  [3,4], 

The  samples  received  thus  with  coverings,  and 
also  initial  alloys  were  investigated  by  X-ray 
diffraction,  microstructural  and  durometerical 
methods  analyses.  It  is  established,  that  in  some 
cases  the  phase  structure  of  superficial  and 
internal  zones  of  initial  alloys  essentially  differs. 
So  for  alloys  TH20  the  period  of  a  crystal  lattice 
of  phase  TiC  in  superficial  zones  thickness  10  - 
15  micron  appears  lower,  than  cores.  After 
cementation  (temperature  1000°C,  time  2  hours) 
the  maintenance  of  carbon  in  superficial  zones  is 


increased.  It  results  in  growth  of  parameter  of  a 
crystal  lattice  of  phase  TiC  of  alloy  TH20  up  to 
values  of  parameters  of  a  lattice  of  the  given 
phase  of  the  central  zone. 

After  diffusion  metallizations  of  alloy  TH20  by 
the  titan,  vanadium,  lame  the  surface  consists  of 
zone  carbides  sating  metal  adjoining  to  the  basic 
alloy  and  zones  intermetallic  on  the  basis  of  sating 
metal  and  Hmce/ia. 

In  alloys  KXH15  after  cementation  phase  Cr7Cj 
disappears.  Besides  at  cementation  of  firm  alloys 
saturation  nickel  -  molybdenum  of  a  sheaf  carbon, 
which  takes  part  at  the  subsequent  chemical- 
thermal  processing  in  formation  carbides  phases, 
takes  place. 

It  is  shown,  that  the  phase  structure  of  sheetings  is 
determined  by  a  kind  of  saturation  and  structure  of 
an  initial  alloy.  After  diffusion  metallizations  of 
alloys  TH20,  KHT16  the  titan,  vanadium,  lame 
the  surface  consists  of  a  zone  carbides  sating 
metal  adjoining  to  the  basic  alloy  and  zones 
intermetallic  on  the  basis  of  sating  metal  and 
nickel.  For  coverings  on  basis  KXH15  are 
characteristic  presence  directly  at  a  basis  of  a  zone 
of  carbide  O7C3. 

It  is  necessary  to  note,  that  the  sequence  of 
formation  and  an  arrangement  carbides  and 
intermetallics  layers  in  a  covering  on  the 
investigated  alloys  will  well  be  coordinated  to 
known  representations  about  character  of 
diffusion  processes  in  a  zone  of  saturation  [7,8], 

The  analysis  of  a  structure  of  alloys  wich  were 
subjected  metallic  diffusin  by  titanium  and 
vanadium  has  shown,  that  is  direct  under  a  zone 
carbide  accordingly  TiC,  VC  the  zone  with  the 
advanced  porosity  that  gives  to  this  zone  a  grayish 
shade  is  located.  It  is  necessary  to  note,  that 
microscopic  metallography  methods  the  zone  with 
the  advanced  porosity  comes  to  light  in  diffusion 
to  a  zone  at  thickness  of  a  layer  intermetallic 
metal  5,0  -  7,0  and  has  thickness  a  little  bit  big, 
than  a  layer  intermetallic.  At  metallization  of  the 
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investigated  alloys  formation  of  a  zone  of 
intermetallic  with  participation  accordingly  the 
titan,  vanadium,  xpoMa  is  accompanied  diffusion 
by  removal  of  nickel  bases  in  a  covering.  It  results 
in  development  in  the  basic  alloy  of  a  zone  of 
porosity.  It  is  necessary  to  note,  that  preliminary 
cementation  of  firm  alloys  essentially  reduces 
thickness  of  a  zone  of  intermetallic  and  zones  with 
the  advanced  porosity. 

With  the  purpose  of  definition  of  features  and 
laws  with  coverings  researches  of  wear  resistance 
were  carried  out  at  various  modes  of  processing  of 
steel. 

Wear  resistance  determined  in  conditions  of 
cutting  and  estimated  on  size  of  relative 
deterioration,  which  expected  under  the  relation  of 
the  sizes  of  a  facet  of  deterioration  of  a  back 
surface  to  a  way  of  cutting.  Typical  for  the 
established  dependences  of  relative  deterioration 
on  speed  of  cutting  there  is  a  displacement  of 
speed  of  cutting  at  which  the  minimal  relative 
deterioration  is  observed,  aside  the  big  speeds  at 
decrease  of  relative  deterioration  with  coverings 
in  comparison  with  initial  plates. 

Serviceability  of  a  covering  sharply  grows  at 
speeds  of  cutting  v  >  150  m  /  minutes  when  it 
raises  resistance  hard  alloys  matrixes  of  diffusion 
to  dissolution  in  a  processable  material  [9,1]. 

Conclusions. 

In  work  the  opportunity  of  drawing  on  a  surface 
wolframless  firm  alloys  TH20,  KHT16  and 
KXH15  coverings  is  shown  on  the  basis  of  the 
titan,  vanadium,  xpoMa,  a  pine  forest.  The  phase 
structures,  microhardness  of  formed  layers  are 
determined  kinetics  of  growth.  It  is  established, 
that  nickel  of  the  basic  alloy  participates  in 
formation  of  coverings. 

It  Is  shown,  that  stability  many-sided  firm  alloys 
plates  with  mechanical  fastening  with  sheetings 
raises  at  processing  steels  in  2  -  5  times  in 
comparison  with  initial.  Coverings  have  shown 
peak  efficiency  on  the  basis  of  the  titan. 
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The  knowledge  of  total  hemispherical  emissivity 
of  materials  and  coatings  is  of  basic  interest  for 
the  design  and  development  of  high  temperature 
structures.  Taking  into  account,  that  the  radiant 
properties  including  total  emissivity  of  materials 
and  coatings  are  often  most  sensitive  to  the 
specific  environments,  first  of  all  gaseous 
components,  it  is  desirable  to  perform  the 
investigations  of  above  properties  in  simulated 
operating  conditions.  In  many  situations  the 
directional  emissivity  is  of  practical  interest  also. 
By  present  time  in  the  most  degree  base  of  data, 
provided  the  total  emissivity  temperature 
relations,  have  created  for  high  conductive 
materials,  first  of  all  for  metals.  Investigation  of 
thermal  insulation  materials  and  coatings  on  ones 
is  more  complicated  problem.  Therefore  these 
materials  have  studied  in  significantly  smaller 
degree.  In  the  main,  it  is  caused  by  the  methodical 
difficulties,  connected  with  heating  and  measuring 
temperature  of  test  sample  examined  surface. 
Because  of  low  heat  conductivity  the  total 
emissivity  measurements  on  these  materials  at 
high  temperatures  (T>1000K)  require  that  the 
radiation  heater  and  the  radiation  detector  are  to 
be  located  on  the  same  side  of  the  test  sample.  In 
this  case,  the  measurement  of  the  radiation  flux 
emitted  from  the  sample  surface  is  complicated  by 
the  heater  radiation,  which  is  reflected  from  the 
sample  simultaneously.  Therefore,  total 
hemispherical  emissivity  measurements  are  most 
complicated  because  the  radiation  detector  is  to  be 
located  at  a  relatively  short  distance  from  the  test 
sample  surface.  This  causes  intensive  radiant  heat 
exchange  between  sample  and  radiation  detector 
and,  by  it  possible  significant  measurement  errors 
in  addition.  The  measurement  of  sample  examined 
surface  temperature  create  serious  problem  since 
the  traditional  contact  and  optical  methods  of 
temperature  measurements  are  practically  not 
applicable.  Especially,  it  is  related  to 
hemispherical  emissivity  investigation  of  sample, 
which  examined  surfaces  should  be  isothermal. 
Therefore,  a  new  special  method  is  to  be  created 
to  measure  sample  surface  temperatures  taking 
into  account  the  particularities  of  emissivity 
measurement  method  and  facility.  In  literature,  in 
particulary,  [1,2]  the  methods  and  facilities  for 


normal  emissivity  measurements  (total  and 
spectral)  of  thermal  insulation  materials  under 
vacuum  conditions  are  presented  above  all. 
Information  about  measurements  of  the  total 
hemispherical  emissivity  as  well  as  directional 
emissivity  of  these  materials  at  high  temperature 
is  not  discussed. 

In  proposed  paper  some  modifications  of  method 
and  facility  for  measurements  of  total 
hemispherical  and  normal  emissivities  as  well  as 
directional  emissivity  are  presented.  Total 
emissivity  is  evaluated  from  the  measurement  of 
the  heat  flux  radiated  from  the  examined  surface 
of  a  test  sample,  which  rotates  in  an  isothermal 
heating  zone  of  controllable  temperature,  and 
comparing  radiation  fluxes  from  test  samples  and 
blackbody  model  at  the  same  temperature.  Each 
modification  of  facility  comprises  the  following 
basic  units:  vacuum  chamber,  mechanism  for 
rotating  of  a  sample  with  adjustable  speed,  radiant 
heater,  calorimeter  type  radiation  detector, 
temperature  sensors  and  thermal  insulation 
outlined  the  heating  zone.  Unlike  to  known 
methods  the  radiation  detector  is  placed  inside  of 
chamber  immediately  in  heating  zone,  that 
permits  to  measure  hemispherical  radiant  flux 
from  a  test  sample.  A  test  sample  is  either  a  disk 
of  120-^200  mm  diameter  or  a  square  plate  of  120 
to  150  mm  length.  The  sample  thickness  ranges 
from  0.1  to  50  mm.  In  particular,  samples  of  up  to 
some  millimeters  in  thickness  are  to  be 
manufactured  of  high  conductive  material.  If  the 
sample  thickness  is  less  than50  mm,  an  extra 
insulation  corresponding  differential  thickness  is 
arranged  between  the  sample  and  its  support. 
Concrete  peculiarities  and  parameters  of  method 
and  facility  variants  depend  of  emissivity  type, 
operating  conditions,  temperature  range  of 
measurements  and  test  sample  parameters.  The 
test  facilities  are  optimized  to  get  the  sample 
surface  as  isothermal  as  possible,  so  that  the 
potential  systematic  error  caused  by  speed  of 
rotating  sample  as  well  as  by  reflection  of  the 
heater  radiation  from  the  test  sample  surface  are 
negligible.  Prior  to  the  measurements  the  radiation 
detector  is  calibrated  under  operating  conditions 
in  the  setup  by  means  a  spherical  model  of  a  black 
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body  under  vacuum  conditions  (P<10  Pa).  If  the 
measurements  are  to  be  performed  at  gas  pressure 
(P>10Pa),  additional  calibration  of  the  detector  is 
carried  out  for  the  prescribed  pressure/temperature 
range  using  a  reference  sample  of  known  and 
stable  temperature  dependent  emissivity.  At 
present  time  the  existing  methods  and  facilities 
enable  the  following  measurements:  1) 

hemispherical  and  normal  emissivities  under 
vacuum  conditions  in  temperature  range 

150K>T<2000K  and  at  adjustable  air  pressure, 
simulating  operating  conditions,  in  temperature 
range  500K>T<1600K,  2)  directional  emissivity 
in  angle  range  20°>y<85<>,  where  y  is  the  angle 
relatively  normal  to  examined  surface,  under 
vacuum  conditions  in  temperature  range 

600K>T<1 100K.  Absence  of  intermediate 
absorptive  and  reflective  medium  and  elements 
between  a  test  sample  and  radiation  detector, 
contactless  method  for  evaluating  test  sample 
temperature  as  well  as  calibration  of  radiation 
detector  in  operating  conditions  provide  the  high 
accuracy  of  measurement.  The  uncertainties 
assessed  for  measurements  of  hemispherical  and 
normal  emissivities  to  be  lower  than  5%  and  for 
measurements  of  directional  emissivity  to  be 
lower  than  8%.  The  developed  methods  and 
facilities  in  the  following  enable  the  investigations 
practically  on  any  types  materials,  structure  rigid 
and  flexible  components  as  tiles,  honeycomb, 
blankets  and  other  flat  sample  as  well  as  of 
thermal  control  coating  on  ones.  The  test  results 
of  different  materials  and  coatings  are  presented. 
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Diffusion-hardening  alloys  (DHA)  or  metallic 
glues  is  the  name  for  compounds  arising  as  a 
result  of  interaction  of  a  solid  metal  powder  and 
metal  melt.  Diffusion  of  the  liquid  component 
into  a  solid  matrix  results  an  appearance  of  the 
intermetallic  compound  with  a  melting  point 
higher  than  that  of  the  liquid  component  (by  150 
to  400°K  depending  on  the  composition).  Mixing 
the  solid  and  liquid  components,  one  can  produce 
a  paste  that  can  solder  different  materials.  Later 
on  the  soldered  joint  gets  hard  and  provides 
mechanical,  electrical  and  thermal  connection. 
DHA  have  very  broad  application  in  different 
technologies.  The  main  advantage  of  the  DHA 
soldering  as  compared  with  the  conventional  one 
is  the  connection  happens  at  ambient  temperature 
or  small  heating.  Therefore,  there  are  no 
deformations  due  to  inhomogeneous  warming  up 
when  long  (especially  thin-walled)  details  are 
being  connected.  A  simplest  example  of  a  DHA 
is  the  mixture  of  copper  powder  and  melted 
gallium.  Gallium  melts  at  30°  C.  Thus  the 
soldering  shall  be  done  at  small  heating.  One  can 
see  from  the  phase  diagram  of  this  system  that 
interaction  after  preparation  of  the  mixture  of 
66.6%(atom)  of  Ga  with  33.3%  of  Cu  will  lead  to 
appearance  of  the  intermetallic  compound  CuGa2. 
So,  having  carried  out  soldering  at  a  temperature 
of  30°C,  we  obtain  a  compound  which  stays  hard 
until  252°C.  However,  it  is  more  convenient  to 
use  the  Ga-Sn  eutectic  which  have  a  melting 
point  of  20.5°C.  The  role  of  powder  was  played 
by  the  metastable  solution  of  Ga  (20  at.%)  in  Cu, 
obtained  by  mechanochemical  activation. 

At  first,  it  was  planned  to  determine  the  rate  of 
formation  of  the  intermetallic  compound  and  time 
of  completion  of  the  reaction  by  the  data  of  X-ray 
structural  analysis  made  with  different  time 
intervals.  The  work  was  carried  out  at  the  station  of 
the  2nd  channel  of  the  VEPP-3  storage  ring  (BINP 
SB  RAS).  The  investigations  allowed  us  to  reveal 
that  90%  of  the  intermetallic  compound  forms 
during  7-8  hours  from  the  beginning  of  the 
process.  At  the  same  time,  it  was  found  that  9 


hours  later  there  appears  peaks  corresponding  to 
tin.  Additional  investigations  carried  out  at  the 
station  of  the  4lh  channel  of  VEPP-3  using  the  hard 
X-rays  and  two-coordinate  detector  based  on 
Imaging  Plate  showed  that  the  tin  is  strongly 
textured  and  can  even  be  in  the  form  of  distorted 
single  crystals.  Shooting  by  the  Laue  method  with 
the  use  of  “white”  SR  confirmed  this  supposition. 

Since  the  tin  crystal lization  takes  place  after 
formation  of  the  larger  of  part  of  the  intermetallic 
compound,  the  tin  can  be  located  as  streaks  between 
the  intermetallic  grains.  It  is  known,  intermetallic 
compounds  are  fragile.  A  plastic  tin  streak  should 
increase  the  strength  of  the  soldered  conjunction. 

Application  of  the  powder  of  metastable  solid 
solution  of  tin  in  copper  made  it  possible  to  increase 
the  quantity  of  tin  in  a  streak  and  to  increase  the 
strength  of  the  soldered  conjunction. 

The  described  technology  allowed  us  to  realize 
soldering  of  four  water-cooled  copper  ties  to  the 
vacuum  chamber  of  the  4  meter  long  undulator  at 
ambient  temperature.  This  chamber  has 
successfully  sustained  a  230°C  warming-up. 
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ELECTROMAGNETIC  STIMULATION  OF  CRACK  HEALING  IN 
TRANSPARENT  DIELECTRICS 


Feodorov  V.A..  Plushnikova  T.N.,  Tjalin  Yu.I.,  Chivanov  A.V. 

Derzhavin  Tambov  State  University,  Tambov,  Russia 


Strength  characteristics  of  materials  are  determined 
by  presence  of  defects:  pores,  microcracks  and  so 
on.  However  in  practice  not  only  detection  of 
presence  or  absence  of  crack  in  material  must  be 
done.  It  is  necessary  to  eliminate  the  defect,  for 
example  to  prevent  its  development  by  healing. 

The  destruction  of  crystals  is  accompanied  by 
plastic  deformation,  its  intensity  and  degree  of 
localization  depends  on  a  velocity  of  crack 
propagation.  At  stopping  of  a  crack  in  alkali-halide 
crystals  the  plastic  zones  are  formed,  their  structure 
is  determined  by  a  type  of  a  destroying  crack, 
geometry  of  a  sample,  properties  of  a  material.  It  is 
known  that  in  such  crystals  spontaneous  and 
artificial  healing  of  cracks  possibly. 

The  purpose  of  this  paper  was  to  investigate 
experimentally  the  influence  of  electromagnetic 
radiation  on  processes  of  stress  relaxation  and 
healing  of  crack  tip  in  alkali-halide. 

The  materials  used  in  the  present  work  were  LiF, 
NaCI,  KC1  single  crystals  with  impurity  content  10' 
4  wt%,  10'3  wt%  and  10'2  wt%.  The  size  of  the 
samples  was  10x25x2  mm.  The  samples  were  cleft 
from  big  single  crystals.  The  crack  of  asymmetrical 
cleavage  was  initiated  on  (100)  plane  by  calibrated 
impact  with  energy  »  80  mJ.  The  point  of  crack 
initiation  was  situated  at  distance  Sj  from  axis  of 
symmetry  (fig.  la).  The  degree  of  asymmetry  was 
determined  as  Si/0.5S2,  where  S2  is  width  of 
sample.  The  sample  was  cleft  in  two  equal  parts  on 
(010)  plane  for  preparation  of  “control”  and 
“testing”  crystals.  Chemical  etching  revealed  the 
dislocation  structure. 

At  the  first  series  of  experiment  crystals  were 
heated  in  stove  in  the  temperature  range  of  300  + 
773  K. 

At  the  second  series  crystals  were  illuminated  by 
tungsten  lamps.  The  power  of  lamps  was  20  and 
100  W  and  the  maximum  energy  in  the  spectrum 
was  1 .06  and  1 .24  eV  correspondingly.  The 
wavelengths  were  350  +  760  nm.  The  intensity  of 
lighting  was  changed  from  4  lx  to  15  klx 
accordingly  to  power  of  lamp  and  lightfilter.  The 
time  of  illumination  was  varied  from  10  to  1500 
hours. 


In  the  third  series  the  crystals  subjected  to  action  of 
ultraviolet  and  X-Ray  radiation,  with  a  wave  length 
2=250+410  nm  and  2=0,154  nm;  2=0,193  nm. 
An  exposure  of  crystals  by  X-rays  was  made  by  X- 
ray  diffractometer  (DRON-2,  DRON-0,5).  The 
time  of  action  varied  from  3  minutes  about  3  hours. 
Dose  X-ray  radiation  3R/min. 


b) 


Fig.  1.  a)  Scheme  of  crack  initiation.  Si  is  distance 
between  crack  and  axis  of  symmetry.  S2  is  width  of 
sample,  b)  The  dislocation  rosette  of  healing  crack 
in  LiF. 


The  behaviour  of  dislocations  at  tops  of  cracks  is 
determined  by  the  equation  of  equilibrium.  At 
compiling  of  dislocations  equilibrium  (for 
dislocation  emitted  by  a  crack  in  a  plane  of  a 
sliding)  it  is  necessary  to  take  into  account  stresses: 
operating  on  a  dislocation  from  a  leg  of  a  crack 

T  (x/7 ) ,  forces  of  an  image  r,-,  interaction  of 
dislocations  TD  (xn,Xj)  and  resistance  of 

crystal  to  a  shift  T$.  For  the  scheme  of  plastic 

current  of  a  fig.  lb  equations  of  equilibrium  will 
look  like  the  following: 

^ ) 4" C "%n)X j  )  Ty  Tj  0,  fl  1,2,...,  tW. 

The  behaviour  of  dislocations  at  tips  of  cracks  will 
depend  from  a  relation  of  stresses. 
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The  plastic  flow  in  the  tip  of  a  stopped  crack  in  LiF 
single  crystal  was  investigated  by  numerical 
modelling  [1],  Two  stages  of  dislocation  structure 
formation  in  the  tip  of  crack  were  discussed.  The 
first  stage  is  the  formation  of  gliding  lines  in  the 
moment  of  crack  stop.  The  second  is  their 
evolution  and  partial  crack  healing.  It  was  shown, 
that  in  condition  of  unloading  a  few  dislocations 
moved  out  of  crystal  on  the  crack  plane  under 
affect  of  mutual  repel  and  forces  of  reflection.  As  a 
result  of  the  process  the  dislocation  density  is 
maximal  at  some  distance  from  the  crack  tip.  There 
is  a  dislocation  free  area  nearly  the  crack  tip. 

It  was  experimentally  found,  that  electromagnetic 
radiation  changed  dislocation  structure  at  tip  of  the 
crack  (fig.  2).  The  summary  density  of  dislocations 
was  lowered.  The  healing  at  the  crack  tip  was 
observed  [21. 


b) 


Fig.  2.  Dislocation  structure  in  neighbourhood  of 
tip  of  cleavage  crack  in  LiF  single  crystal  to 
influence  of  X-Ray  radiation  E=6,25  keV:  a) 
"Control"  crystal,  T=300  K.  b)  "Testing"  crystal 
after  t=5  min. 

Electromagnetic  radiation  causes  decreasing  of 
mechanical  stresses  in  tip  of  the  crack  of  a 
reversible  motion  of  dislocations  and  partial 
healing  of  the  tip. 

The  exponential  dependence  of  dislocation  density 
both  from  temperature  and  from  time  of  lighting 
was  determined  (fig.  3). 

The  intensity  of  healing  and  relaxation  of  stresses 
depends  on  material  and  spectrum  of 
electromagnetic  radiation.  The  processes  of  healing 


and  stress  relaxation  depend  on  intensity  of 
electromagnetic  radiation.  The  greatest  effect  is 
observed  at  action  of  a  X-rays. 

The  influence  of  small  doses  X-ray  radiation  on 
processes  of  healing  microcrack  was  investigated. 

The  action  X-ray  radiation  results  in  stress 
relaxation  in  tip  of  cracks  for  account  a  reversible 
motion  of  dislocations  was  established.  The 
intensity  of  healing  and  stress  relaxation  depends 
from  a  wave  of  length  of  a  X-rays. 


Fig.  3.  The  relationship  between  comparative 
changing  of  dislocations  number  at  crack  tip 
(AN/N)  and  time  (t)  of  treatment: 
1.  T=355  K,  2.  A  =760  nm,  3.  A  =350  nm, 
4.  A  =250-^410  nm, 5.  A=0,154nm. 

The  effect  of  healing  microcrack  was  incremented 
at  diminution  a  wave  of  length.  The  mechanisms  of 
stress  relaxation  and  healing  resulted  from  X-Ray 
radiation  were  discussed. 

Conclusions 

1.  Electromagnetic  radiation  causes  decreasing 
of  mechanical  stresses  in  tip  of  the  crack  and 
partial  healing  of  the  tip. 

2.  The  intensity  of  healing  and  relaxation  of 
stresses  depends  on  material  and  spectrum  of 
electromagnetic  radiation. 

3.  The  processes  of  healing  and  stress  relaxation 
depend  on  intensity  of  electromagnetic  radiation. 
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RESEARCH  OF  MATERIAL’S  CORROSIVE  RESISTANCE  OF 
COMPRESSOR  BLADES  WHICH  ARE  RETURNED  TO  SERVICE  BY  THE 
USE  OF  TITANIUM  NITRIDE  COATINGS 
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Scientific  and  Production  Company  “Tribonika” 


The  surface  protection  of  compressor  blades  in 
gas  transfer  equipment  from  atmospheric 
corrosion  is  one  of  the  important  problems. 

At  present  time  this  task  is  salved,  basically,  at  the 
cost  of  the  use  of  anodic  and  cathodic  protective 
coatings.  However,  in  service  conditions,  because 
of  medium’s  erosion  action,  the  wear  of  protective 
coating  occurs,  and  as  a  consequence  of  it,  the 
intensification  of  corrosive  processes  is  taking 
place.  The  task  to  increase  the  corrosive  resistance 
of  blades  becomes  the  more  vital  in  the 
development  of  repair  and  return  to  service 
techniques,  which  are  intended  to  extend  the 
service  life  of  these  critical  parts. 

The  corrosion  behavior  of  compressor  blades’ 
material  -  steel  12X13  -  is  studied  in  this  work. 
The  attacks  of  pearlite  stainless  steel  under 
atmospheric  corrosion  are,  basically,  of  pitting 
type.  Under  conditions  of  corrosive,  industrial 
atmosphere  and  under  humidity  (especially  in  sea 
climate),  when  the  action  of  active  chlorine  ions  is 
enhanced,  the  nature  of  attacks  is  complicated  up 
to  pit  and  knife-line  corrosion  and  to  corrosion 
fatigue. 

Owing  to  the  physical  simulation  of  different 
steps  of  pitting  corrosion  process  are  shown. 

The  pitting  resistance  of  stainless  steel  12X13  has 
been  studied  after  the  following  technological 
operations  such  as  machining,  electropulse 
polishing,  heat  treatment  (700°C,  2  hours)  and 
after  the  applying  of  ion-plasma  TiN  coating.  As  a 
main  method  of  study  it  was  used  the  method  of 
potential-dynamic,  anodic,  polarized  curves  in 
NaCl  aqueous  solution,  which  simulates  the  sea 
atmosphere.  From  the  curves  of  forward  and 
reverse  direction  there  were  determined 
parameters  of  pitting  resistance  (to  GOST  9.912- 
89):  potential  of  free  corrosion  Ecor,  potential  of 
pitting  formation  Eb,  potential  of  repassivation  E,p, 
bases  of  pitting  resistance: 


The  results  of  corrosion  tests  after  different  types 
of  material’s  compressor  blades  treatment  are 
given  in  the  Table. 

In  initial  condition  the  material  had  a  negative 
value  of  potential  of  stable  pitting  formation.  By 
electropulse  polishing  and  owing  to  the  surface 
microtexture’s  smoothing,  the  pitting  resistance  of 
stainless  steel  is  increased.  In  this  case,  the 
parameter  Eb  displaces  to  the  electropositive  area, 
extending  so  the  region  of  metal  passive  state.  The 
heat  treatment  leads  up  to  the  further  rise  of  all 
features.  The  increase  of  AErp.  means  that  the 
repassivation,  after  pitting  formation,  is  reached 
faster.  The  rise  of  anti-friction  features  is 
connected  with  the  more  uniform  distribution  of 
carbide  phase  and  with  the  improvement  of 
structure’s  homogeneity.  The  titanium  nitride 
coating  on  steel  favours  the  increase  of  Eb,  AEb, 
AE,p.  Here  the  presence  of  micro-porosity  causes 
the  local  breakdown  of  the  coating.  Upon  the 
whole,  there  is  a  positive  effect  of  the  cathodic 
coating  owing  to  the  electrochemical  action  of  its 
portions  on  the  anodic  polarization  of  metal  bared 
areas  and  to  the  maintenance  of  these  portions  in 
the  passive  state. 

As  result  of  technological  operations,  conducted 
on  blades  after  service,  the  resistance  to  pitting 
corrosion  is  improved.  The  positive  result  of  the 
use  of  titanium  nitride  coatings  is  confirmed  by 
the  results  of  climatic  tests  in  salt-spray  chamber 
(NaCI-46  g  /  1,  t”  =  35“C),  performed  on 
compressor  blades. 


AErp  =  Erp  -  Ecor,  AEb  -  Ecor 
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Type  of 

Indexes  of  resistance,  B 

treatment 

mm 

mm 

mm 

MM 

wsm 

1 

ESQ 

2 

wm 

E8EI 

3 

gag 

0,003 

Bag 

4 

0,004 

5 

0,23 

0,02 

1  -  Initial  condition  (machining);  2  -  Initial  condition  (machining  +  electropulse  polishing);  3  -  After  use 
(machining  +  electropulse  polishing);  4  -  After  use  (machining  +  electropulse  polishing  +  technical 
maintenance  +  electropulse  polishing);  5  -  After  use  (machining  +  electropulse  polishing  +  technical 
maintenance  +  electropulse  polishing  +  TiN  coating). 
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PROPERTIES  OF  DIAMOND-LIKE  FILM  -  POLYMER  STRUCTURES 
USED  FOR  SOLAR  MODULE  ENCAPSULATION 

Klyui  N.I.(1),  Korneta  O.B.(2),  Litovchenko  V.G.(1),  Makarov  A.V.(1),  Dykusha  V.N.(1), 

Voronina  O.O. <2) 

(l  institute  of  Semiconductor  Physics,  Kiev,  Ukraine 
(2)Kiev  National  University,  Kiev,  Ukraine 


Introduction 

In  connection  with  gradually  conventional  energy 
sources  exhaustion,  at  present  the  great  attention 
is  paid  to  alternative  renewable  energy  source 
development.  Among  them  the  most  prospective 
are  solar  and  wind  power  station.  A  solar  power 
station  consists  of  solar  batteries.  The  main  part  of 
the  solar  battery  is  a  flat  solar  module  (SM).  For 
the  module  assembling  mineral  glass  sheets  are 
used  as  front  and  rear  covers.  Electrically 
connected  and  hermetically  encapsulated  solar 
cells  (SC)  are  put  between  the  covers.  The  covers 
are  needed  to  protect  the  SCs  against  actions  of 
degradation  factors  (rain,  UV-radiation,  dust, 
sand-storms  etc.)  and  damage  during 
transportation.  Here  special  hardened  glasses  are 
used  to  increase  endurance  and  strength  of  SM. 
Moreover,  such  glasses  are  needed  to  be  of  high 
transparency.  The  application  of  such  materials 
provides  long  serviceability  (10-25  years),  but  on 
the  other  hand,  great  financial  expenditure  is 
required. 

The  problem  of  cost  decreasing  for  energy 
produced  by  SMs  can  be  solved  by  means  of 
component  parts  cost  reducing.  For  this  purpose, 
mineral  glass  cover  can  be  replaced  by  a  polymer 
one.  At  the  same  time,  the  SMs  constructed  with 
polymer  application  are  of  significantly  less 
weight.  However,  modem  polymer  glasses  has 
significant  disadvantage,  such  as  low  hardness 
(SMs  with  polymer  cover  would  be  covered  with 
small  scratches  during  short  time  and  lose  the 
transparency),  surface  damage  under  the  influence 
of  ultraviolet  radiation  and  atmospheric 
precipitation,  (that  also  have  influence  on 
transparency).  The  mentioned  disadvantages  can 
be  overcome  applying  special  protective 
coverings  on  the  polymer  glass .  surface.  Such 
covering  must  have  good  adhesion  to  the  plastic, 
high  hardness  and  transparency. 

Present  work  is  aimed  to  solving  the  mentioned 
problem  by  means  of  depositing  DLC  film  on  the 
surface  of  acrylic  plastic. 


Experimental 

The  DLC  (a-C:H  and  a-C:H:N)  films  were 
deposited  by  RF  glow  discharge  in  a  parallel  plate 
reactor.  The  RF  power  (13.56  MHz)  was  applied 
to  the  lower  electrode,  the  upper  electrode  was 
grounded.  The  gas  mixture  (CH4,  H2  and  N2)  was 
introduced  through  the  upper  electrsode  in  a 
showerhead  flow  configuration.  The  substrates  for 
deposition  were  put  directly  on  the  lower 
electrode,  which  was  cooled  by  water.  The 
stainless  steel  chamber  was  evacuated  to  a  base 
vacuum  of  about  10'4  Torr  before  each  deposition 
run.  The  total  pressure  (P)  of  the  reaction  chamber 
was  varied  from  0.2  to  0.8  Torr.  During  a 
deposition  process  the  RF-discharge  power  was 
fixed.  The  films  obtained  at  different  discharge 
power  were  deposited  onto  polymer  substrate  used 
for  solar  module  production.  The  DLC  films  with 
different  nitrogen  contents  were  deposited  from 
mixtures  of  methane,  hydrogen  and  nitrogen  by  a 
gradual  replacement  of  hydrogen  by  nitrogen.  The 
nitrogen  content  in  the  gas  mixture  (Pn2)  was 
changed  from  0  to  30%.  The  film  thickness  was 
varied  from  100  to  300  nm. 

Optical  constants  of  the  films  were  measured  by 
laser  (k=632.8  nm)  and  spectral  ellipsometer. 
Transmittance  spectra  of  the  polymer+DLC  film 
structures  were  also  measured.  The  mechanical 
properties  and  wear  resistance  of  the  films  were 
studied  using  a  microhardness  tester  “Shimadzu 
HMV-2000,  Japan)  and  5130Abraser  device 
(USA),  respectively.  All  measurements  were 
carried  out  at  room  temperature. 

Result  and  discussion 

Tables  1  show  results  of  light  transmittance 
measurements  obtained  for  a-C:H  films  deposited 
from  CH):H2  gas  mixture  at  different  RF- 
discharge  power  and  total  gas  pressure  in  the 
reaction  chamber.  Integral  transmission  of  the 
structures  was  measured  using  incandescent  lamp. 
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Table  1 .  DLC-film  thickness  and  DLC-film- 
polymer  structure  transparency  in  dependence  on 
discharge  power,  (total  pressure  p=0.2Torr) 


# 

Prf,W 

T,  % 

dDLC,  nm 

1 

r  100 

89 

145 

2 

175 

83.3 

150 

3 

250 

80 

145 

It  is  seen  that  increasing  of  RF-discharge  power 
results  in  decreasing  of  DLC-film  -  polymer 
structure  optical  transparency.  The  transparency 
of  the  structure  changes  from  80%  to  89%.  The 
effect  is  connected  with  the  light  absorption  in 
DLC  film.  Indeed,  as  was  shown  earlier  [...], 
increasing  of  RF  bias  voltage  of  RF  discharge 
power  leads  to  formation  of  DLC-film  with  higher 
hardness,  refractive  index  and  extinction 
coefficient. 

Obviously,  increasing  of  k  value  is  responsible  for 
decreasing  of  the  structure  transparency.  It  should 
be  pointed  out  that  the  transparency  value  is  too 
high  for  effective  use  of  the  DLC-film  -  polymer 
structure  for  solar  module  encapsulation.  Thus,  it 
is  evident  that  the  DLC-film  must  meet 
requirements  of  high  transparency,  being  at  the 
same  time  rather  hard,  and,  that  is  especially 
important,  high  wear  resistance.  For  this  aim, 
optimization  of  technological  regimes  at  firm 
formation  has  to  be  carried  out. 

Table  2  DLC-film  thickness  and  DLC-film- 
polymer  structure  transparency  in  dependence  on 
total  gas  pressure.  (RF-discharge  power  Prf=175W) 


# 

_ P>  Torr 

T,  % 

doL c9  nm 

1 

0.2 

83.3 

150 

2 

0.5 

93 

150 

3 

0.8 

94 

150 

On  the  other  hand  the  DLC-film  —  polymer 
structure  demonstrates  high  wear  resistance.  It  can 
be  seen  from  abrasion  test  results,  presented  on 
fig.l.  Indeed,  there  are  many  scratches  on  the 
uncoated  polymer  surface  after  abrasion  test 
(fig. lb)  while  the  polymer  coated  with  DLC-film 
is  almost  undamaged. 


Fig.  1  Micrograph  of  DLC  film  -polymer 
structure  (a)  and  uncoated  polymer  (b),  after 
abrasion  testing. 


In  conclusion,  it  has  been  shown  that  DLC-film 
can  be  successfully  used  as  protective  coating  for 
solar  module  encapsulation. 


In  the  table  2  the  results  obtained  for  the  DLC- 
film  deposited  at  fixed  RF-discharge  power  and 
various  total  gas  pressure  in  reaction  chamber  are 
presented.  One  can  see  that  significant  increasing 
of  the  presented  structure  transparency  is 
observed,  when  total  gas  pressure  in  the  reaction 
chamber  increases.  The  transparency  may  be 
increased  up  to  94%.  Taking  into  account  the 
transparency  value  for  uncovered  polymer  (acrylic 
plastic)  of  96.7%,  the  initial  DLC-film 
transparency  is  close  to  97.3%.  Therefore,  we  can 
conclude  that  obtained  transparency  value  is  quite 
suitable  for  the  DLC  film  application  as  a 
protective  coating. 
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Modem  aerospace  industry  requires  structural 
materials  with  low  density,  high  strength  and 
stability  to  oxidation  at  temperatures  above 
1000°C.  The  most  promising  materials  are 
composites  with  ceramic  matrix  reinforced  by 
ceramic  and  carbon  fibers  (CMC’s).  A  thin  barrier 
layer  is  deposited  onto  the  fibers  to  increase  the 
strength  of  the  material.  The  major  role  of  the 
barrier  coating  is  to  reflect  microcracks  that  arise 
in  the  matrix.  Besides,  the  coating  provides 
connection  between  fibers  and  matrix, 
redistributes  strain,  acts  as  diffusion  barrier  and 
prevents  fiber  oxidation. 

One  of  the  methods  to  deposit  the  coatings  onto 
fibers  is  sol-gel  process.  It  allows  obtaining 
multiple  uniform  coatings  with  controllable 
chemical  composition,  microstructure  and  density. 

The  goal  of  the  present  study  is  to  study  the 
thermal  evolution  and  crystallization  of  sol-gel- 
derived  coatings,  composed  of  metal  oxides  and 
their  mixtures,  on  carbon  and  SiC  fibers. 

Precursors  for  complicated  oxide  nanosized 
coatings  were  the  sols  of  hydrated  aluminium 
oxide  (HAO),  titanium  dioxide  (HTDO), 
zirconium  dioxide  (HZDO)  and  their  binary 
mixtures.  The  sols  were  synthesized 
electrochemically  from  aqueous  solutions  of  the 
corresponding  metal  chlorides.  The  concentration 
of  disperse  phase  was  varied  within  a  broad  range 
by  diluting.  The  sols  were  deposited  onto  Nicalon 
cloth,  TGN-2M  cloth,  carbon  non-woven  cloth  by 
dipping,  followed  by  treatment  at  20-1000°C  and 
1350°C. 

Sol  properties  were  studied  by  means  of  Raman 
spectroscopy  (RFS-100),  auto-correlation 
spectroscopy  of  quasi-elastic  light  scattering, 
electron  microscopy  (H-600,  Hitachi)  using  a 
cryofractographic  BAF-400  Balzers  device. 
Rheological  properties  of  the  systems  were 
investigated  with  the  help  of  a  rotary  viscosity 
meter  "Rheostat-2.1".  The  phase  composition  of 
the  samples  during  sol-gel-solid  transition  was 


determined  using  X-ray  diffraction  (XRD)  and 
thermal  analysis.  Crystallite  size  was  estimated 
from  the  broadening  of  diffraction  patterns.  The 
coatings  were  studied  by  means  of  XRD  and 
scanning  electron  microscopic  (SEM)  analysis. 


Figure  1.  Sol-gel  derived  Zr02  coating  on  Nicalon 
fiber. 


Figure  2.  Sol-gel  derived  Al203-Ti02  coating  on 
Nicalon  fiber. 

The  analysis  of  rheological  curves  suggests  that 
HAO,  HTDO,  HZDO  sols  are  stable,  weakly 
structured  systems.  Concentrating  them  by 
evaporation  causes  the  increase  in  pseudo¬ 
plasticity.  During  sol-gel  transition,  at  the  initial 
stage  we  observe  a  smooth  increase  of  the  system's 
density,  then  its  sharp  increase  when  60-85  %  of 
water  is  removed.  Mixing  sols  we  observe  the 
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formation  of  gel.  Gel  formation  rate,  as  well  as  the 
ability  of  sols  to  get  homogenized  and  to  get 
structured,  depends  on  the  nature  of  components 
and  on  their  amounts.  Immediately  after  mixing, 
the  mixtures  behave  as  Newton  liquids.  The 
character  of  structure  formation  changes  with  time. 
The  particles  of  HZDO  sol  are  spread  uniformly; 
they  are  round  with  a  mean  diameter  of  about  5 
nm.  HTDO  sol  particles  have  a  size  of  up  to  10 
nm;  in  zirconium-titanium  sol,  particle  size  is  Il¬ 
ls  nm.  The  particles  have  irregular  disc-like  shape 
and  do  not  form  any  regular  structure. 

When  treated  at  25-900°C,  the  density  of  samples 
under  investigation  increases  linearly.  Specific 
surface  and  dispersity  of  the  samples  change  in  a 
more  complicated  manner.  The  size  of  alumina 
xerogel  globules  decreases  with  increasing 
temperature  up  to  450°C.  Titanium  dioxide 
conserved  high  dispersity  till  450°C,  anatase 
content  being  increased  with  temperature.  A 
specific  feature  of  the  binaiy  system  Al203-Ti02  is 
the  stabilization  of  the  amorphous  state  to  900°C 
and  braking  of  the  polymorphous  transformation 
into  Ti02.  Zirconium  titanate  is  clearly  observed  in 
X-ray  diffraction  patterns  of  the  Zr02-Ti02  xerogel 
at  temperatures  above  600°C. 

The  microstructural  observation  of  coatings 
deposited  onto  carbon  and  silicon  carbide  fibers 
show  the  dependence  of  the  morphology  of 
coatings  on  the  properties  of  the  sols  of  hydrated 
metal  oxides.  Fig.  1  shows  a  coating  derived  by 
dipping  Nicalon  twice  into  undiluted  HZDO  sol, 
followed  by  thermal  treatment  at  1000°C.  One  can 
see  that  undiluted  sols  and  their  mixtures  form 
oxide  layers  that  can  be  easily  separated  from  the 
fiber  and  get  cracked,  depending  on  thermal 
treatment  conditions.  The  use  of  diluted  sols  leads 
to  the  formation  of  thin  layers  composed  of  metal 
oxides  or  their  mixtures  on  carbon  and  silicon 
carbide  fibers.  Fig.  2  shows  an  electron 
microscopic  photograph  of  a  coating  formed  after 
a  single  dipping  of  the  Nicalon  cloth  into  the 
binary  mixture  of  the  diluted  aluminum  oxide- 
titanium  oxide  sol  with  the  component  ratio  1:1, 
thermal  treated  at  1000°C.  One  can  see  that  the 
coatings  are  dense,  uniform  in  thickness,  and  they 
conserve  topological  features  of  the  structure  of 
monofilament  surface.  A  distinguishing  feature  is 
the  absence  of  monofilament  binding  to  each 
other. 


It  is  demonstrated  that  gel  formation  and  drying 
are  not  accompanied  by  any  noticeable  growth  of 
primary  particles  and  aggregates.  With  increasing 
number  of  dippings,  the  uniformity  of  the 
thickness  of  coating  is  destroyed.  The  XRD  data  of 
multilayered  coatings  agree  with  the  results 
obtained  earlier  for  xerogels  of  the  corresponding 
metal  oxides  and  their  mixtures. 

Thus,  it  is  demonstrated  that  the  sol-gel  procedure 
based  on  inorganic  aqueous  systems  is  a  promising 
method  to  obtain  complicated  nanosized  oxide 
coatings  on  carbon  and  silicon  carbide  fibers. 


*  Supported  by  NATO  grant  Jfe973472  and  SB 
RAS  grant  N°17 
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Investigations  performed  earlier  [1,  2,  6]  have 
shown  that  the  conditions  under  which  electrode 
materials  form  infinite  solid  solutions  or 
intermetallic  compounds  with  a  low  cold 
brittleness  temperature  should  be  considered  most 
favorable.  In  this  connection,  spark  coatings  from 
alloys  of  the  Ni-Cr-Al  system  on  steel  45,  which 
can  combine  high  wear  resistance  and 
refractoriness  were  studied.  As  anodes  for  spark 
alloying  (SA),  the  most  characteristic  alloys  were 
chosen,  namely,  A1  which  is  a  binary  Ni-Cr  alloy 
of  eutectic  composition  according  to  the  phase 
diagram  presented  in  [3],  A2  which  is  a  ternary 
Ni-Cr-Al  eutectic  alloy  according  to  data  of  work 
[4],  A5  which  is  a  ternary  Ni-Cr-Al  alloy  located 
in  the  quasibinary  Cr-Ni-A  section  according  to 
data  of  work  [5],  and  6A  Which  is  a  Ni-Cr-A-Y 
alloy  analogous  to  the  second  eutectic  composition 
and  is  alloyed  by  2  mass  %  of  yttrium. 

The  influence  of  the  phase  composition  of  the 
anode  on  die  following  basic  parameters  of  spark 
alloying  of  steel  45  were  investigated: 

-  specific  erosion  of  the  anode  Aa; 

-  gain  in  the  cathode  weight  Ak  measured  for 
an  area  of  1  cm2  at  1  s  intervals; 

-  total  erosion  of  the  anode  lAa; 

-  total  gain  in  the  cathode  weight  ZAk 
measured  for  the  alloying  time  t  =  10  min/cm2; 

-mean  transfer  coefficient  of  the  material  k'  = 
ZAk/DAa  (at  t  =  10  min/cm2). 

SA  was  carried  on  an  EFI-46A  machine  under 
the  following  conditions:  a  specific  treatment  time 
of  10  min/cm2;  an  oscillation  frequency  of  a 
vibrator  of  100  Hz;  a  short  circuit  current  of  1 .5  A. 

Electrodes  for  SA  were  made  by  two  methods, 
namely,  high-energy  hot  pressing  in  vacuum 
(HEHP)  and  melting  in  an  arc  furnace  with  a 
nonconsumable  tungsten  electrode  in  a  protective 
atmosphere. 

Cast  and  hot-pressed  (HEHP)  electrodes,  as 
weft"  as  spark  coatings  from  them  were  studied  by 
microstructural  X-ray  analysis  and  X-ray  phase 
microanalysis. 

ft  has  been  shown  that,  in  cast  alloy  1A,  a 
biphase  eutectic  structure,  consisting  of  a  Ni-based 
y-solid  solution  and  a  Cr-based  a-solid  solution,  is 
observed.  An  analogous  phase  composition  is 


observed  in  hot-pressed  alloy  1  A. 

In  cast  and  hot-pressed  alloys  4A  and  6A,  a 
triphase  structure  consisting  of  an  a,  y,  and  P(Ni- 
Al)  phase  is  observed. 

In  cast  alloy  6 A, the  intermetallic  phase  Ni3Y, 
located  along  boundaries  of  eutectic  colonies,  was 
detected.  In  hot-pressed  alloy  6 A,  the  oxide  phase 
Y203  was  identified. 

Values  of  the  parameters  of  SA  of  steel  45 
with  using  anodes  from  aforementioned  cast  and 
hot-pressed  alloys  are  presented  in  Table  1 . 


Table  1. 


Chemical 
composition 
of  the  anode 
material, 
mass% 

Initial 
state  of 
anodes 

Total 

weight 

gain 

EAk-10-3, 

g/cm3 

Total 

anode 

erosion 

Z5al03, 

g/cm3 

Mean 

transfer 

coefficient 

k-IAk/ 

EAa 

1A 

Ni-50.5 

Cast 

HEHP 

2.8 

6.6 

0.42 

Cr-49.5 

900°C 

2.5 

5.3 

0.48 

1000T 

4.1 

6.1 

0.68 

4A 

Ni-50.3 

Cast 

HEHP 

6.2 

10.0 

0.62 

Cr-40.2 

900°C 

5.5 

16.0 

0.35 

Al-9.5 

1150T 

4.0 

6.0 

0.68 

5A 

Ni-42.2 

Cast 

HEHP 

2.1 

4.8 

0.43 

Cr-38.3 

900°C 

2.9 

8.3 

0.35 

Al-19.5 

1150°C 

2.9 

5.3 

0.55 

6A 

Ni-40.3 

Cast 

HEHP 

3.6 

13.6 

| 

0.267 

Cr-39.2 

900°C 

5.4 

21.2 

0.250 

Al-19.5 

iioo°c 

4.5 

6.5 

0.690 

Y  -2.0 

1150°C 

4.5 

6.4 

0.700 

hi  the  case  of  SA  by  cast  alloys  1A,  4A,  5A 
alloys  and  by  the  same  alloys  obtained  by  foe 
HEHP  method  at  1150°C,  the  mean  transfer 
coefficients  have  almost  the  same  values.  In 
investigations  of  anodes  pressed  at  900°C,  the 
values  of  the  mean  transfer  coefficient  are  lower. 
This  is  connected  with  the  smaller  densities  of 
anodes  pressed  at  900°C  and  differences  in  the 
phase  composition  as  compared  to  anodes  pressed 
at  1150°C.  In  SA  by  cast  alloy  6A,  the  lowest 
transfer  coefficient  is  observed.  However,  in  SA 
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by  hot-pressed  alloy  6A,  a  2.5-fold  increase  in  the 
transfer  coefficient  is  noted.  It  can  be  suggested 
that  this  is  caused  by  the  presence  of  the 
mtermetallic  compound  Ni3Y  in  cast  alloy  6A, 
which  results  in  its  embrittlement  and  favors  an 
increase  in  the  fraction  of  the  hard  phase  in  erosion 
products  of  the  cathode  during  SA. 

The  X-ray  studies  of  spark  coatings  showed 
the  presence  of  intermetallic  phases  containing 
iron  and  the  metals  of  the  anode.  In  the  coating 
from  alloy  1A  (Ni-Cr),  the  intermetallic 
compounds  NiAl,  CrAl,  and  FeNi,  as  well  as 
carbides  FeC,  and  complex  5-Ni0Al203  type 
oxides  were  detected.  In  the  coatings  from  cast 
alloy  6A  (Ni-Cr-Al-Y),  a  phase  containing  yttrium 
in  the  form  of  an  oxide  or  an  intermetallic 
component  was  not  detected  by  radiographic 
analysis.  In  the  case  of  SA  by  hot-pressed  alloy 
6 A,  the  intermetallic  phases  NiAl,  CrAl,  FeNi, 
A13Y,  and  NiAlY  were  identified  in  the  coating. 

Wear  resistance  tests  of  the  coatings  were 
performed  in  a  MT-68  test  unit  on  5x10.5x15  mm 
specimens  in  dry  friction  in  air  with  a  65G  steel 
counterbody. 

Bn  the  tests,  the  friction  coefficient  f  and  the 
intensity  of  wear  of  a  specimen  I  (mm/km)  were 
determined. 

The  test  conditions  were  as  follows:  a  slip 
speed  V  =  10  m/s,  a  load  of  5  kg.  The  test  results 
are  presented  in  Table  2. 


Table  2. 


Specimen 

No. 

Initial 
state  of  the 
anode 

Friction 

coefficient 

F 

Wear  I, 
pm/km 

4A 

Cast 

0.27 

175.5 

HEHP 

0.27 

50.5 

6A 

Cast 

0.26 

130.0 

HEHP 

0.29 

40.0 

5A 

HEHP 

0.27 

9.3 

VK-3U* 

sintered 

0.30 

10.0 

*  WC-Co-Cr 
CONCLUSIONS 

The  investigations  performed  showed  that, 
during  SA  of  steel  45,  intermetallic  phases 
containing  the  metals  of  the  anode  and  cathode 
formed.  The  wear  resistance  of  the  coatings 
obtained  via  SA  by  hot-pressed  alloys  is  larger 
than  that  of  the  coatings  obtained  via  SA  by  cast 
alloys.  This  is  connected  with  the  character  of 
erosion  of  the  cathode.  The  alloys  of  eutectic 
composition  containing  the  intermetallic  phase  Ni¬ 


Al  and  solid  a-solution  of  chromium  possess  the 
largest  wear  resistance. 
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THE  RESISTANCE  OF  A  CHROMIUM  ALLOY  AND  YTTRIUM  CHROMITE 
COATING  IN  THE  CONDITIONS  OF  OXIDATION  AND  HIGH- 
TEMPERATURE  SALT  CORROSION 
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The  traditional  heat  resisting  alloys  on  a  basis 
Ni,  Co  and  Fe  already  have  exhausted  themselves: 
their  working  temperatures  do  not  exceed  1100°C. 
Among  metal  materials  the  alloys  on  a  basis 
chromium  are  represented  as  perspective  one  for 
gasturbine  construction.  Use  as  the  additive  to 
chromium  of  rare-earth  metals  (La,  Y)  in  a 
combination  with  boron  and  elements  (V,  Ti,  Ta) 
forming  the  carbides  has  allowed  to  receive  a  delute 
chromium  alloy  of  system  Cr-V-Ta-La  [1],  from 
which  it  is  possible  to  produce  rods,  pipe,  plates, 
sheet,  foil  and  to  use  in  little  loading  details 
working  at  above  1100°  C.  For  protection  against 
saturation  of  nitrogen  during  work  in  the  conditions 
of  high  temperatures  and  agressive  medium  it  was 
offered  yttrium  chromite  coating  [2]. 

In  this  work  the  heat  resistance  and  resistance 
to  high-temperature  salt  corrosion  (HTSC)  of  a 
chromium  alloy  and  the  yttrium  chromite  coating 
put  on  him  are  investigated.  The  oxidation  of  an 
alloy  was  carried  out  on  the  samples  by  a  diameter 
of  20mm  and  thickness  of  5  mm  in  the  muffle 
electric  furnace  at  900-1400°  C  for  1000  hours 
according  to  a  technique  [3],  and  HTSC  -  on 
cylindrical  samples  by  a  diameter  of  10  mm  and 
height  15  mm  at  600-900°  C  for  20  hours  according 
to  a  technique  [4].  The  tests  of  sulphate  corrosion 
(SC)  carried  out  both  in  pure  sodium  sulphate  and 
in  90%  Na2SO4+10%  TE,  where  TE  -  threefold 
48,7%  MgCl2,  38,2%  KC1  and  13,1%  NaCl  eutectic 
(Tm.p  =410°C),  and  of  chlorite  corrosion  (CC)  -  in 
melted  TE.  The  heat  resistance  of  the  materials  was 
determined  by  the  weight  gain,  the  resistance  to 
HTSC  -  by  the  weight  losses.  For  the  determination 
of  the  resistance  of  an  alloy  with  the  yttrium 
chromite  coating  the  flat  samples  of  a  chromium 
alloy  by  the  size  25x10x1  mm  were  used.  The 
coating  was  formed  by  magnetron  method.  The 
thickness  of  he  coatings  in  all  cases  was  maintained 
at  a  level  of  10  microns.  In  case  of  two-layer 
coating  the  thickness  of  a  chromite  layer  was  7-8 
microns  and  the  thickness  of  a  modified  zirconium 
dioxide  -  2-3microns. 


As  a  result  of  the  researches  was 
established,  that  a  Kinetics  of  the  oxidation  of  a 
chromium  alloy  submits  practically  to  parabolic 
law,  according  to  which  the  dependence  of  the 
weight  gain  (q)  from  time  of  exposure  (t)  is 
expressed  by  the  formula  qp2=kpt.  The  determined 
quantities  of  a  parabolic  constant  kp  for  900,  1000, 
1100,  1200,  1300  and  1400°  C  is  equal  0,002;  0,4; 
0,7;4,4;64  and  324  g2m’4h_l  accordingly.  This  will 
allow  to  determine  q  for  any  temperature  and  time 
of  an  exposure.  The  temperature  dependence  of 
heat  resistance  has  an  exponential  dependence. 
The  heat  resistance  of  a  chromium  alloy  many 
times  over  exceed  those  of  the  most  heat  resisting 
alloys  on  Ni,  Co  and  Fe  bases  [3]  and  itself 
chromium  [5].  It  is  connected  with  the  positive 
influence  of  lanthanum,  as  lanthanum  oxide  form 
with  chromium  oxide  a  lanthanum  chromite 
(LaCr03)  at  the  bondary  surface  between  the  metal 
and  the  scale.  The  presence  of  lanthanum  chromite 
in  the  scale  strengthen  her  bond  with  the  matrix  of 
an  alloy  (coherence  of  the  scale)  and  brake 
chromium  diffusion  in  the  scale  and  oxydgen 
diffusion  into  an  alloy.  It  was  revealed  the 
chromium  nitrites  (Cr2N)  under  the  oxide  layer  by 
metallographic  analysis  as  induvidul  choins  at 
1200°C,  then  as  rough  segregation  at  1300°C  and 
the  continuous  layer  at  1300°C.  The  constant  kp 
thus  strongly  grew,  though  the  kinetic  dependence 
remained  approximately  parabolic.  Simultaneous 
nitrogenizattion  and  oxidation  of  an  alloy  caused 
appreciable  deterioration  of  his  heat  resistance.  So, 
the  thickness  of  scale  at  the  maximal  exposure  for 
lOOOhr  was  increased  from  15-20  microns  at 
1200°C  up  to  120-150  microns  at  1300°C  and  250- 
280  microns  at  1400°C.  In  last  two  cases  she  was 
chopped  off  from  a  surface  of  samples,  that 
testifies  to  low  heat  resistance  of  an  alloy  at  this 
temperatures. 

The  resalts  of  researches  of  resistance  of  a 
chromium  alloy  to  high-temperature  sulphate  and 
chlorite  corrosion  have  shown  (tab.l),  that  it  is 
especially  strongly  shown  in  the  melts  of  salts. 
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Table  1  -  Dependence  of  the  weigh  losses  (g/m2)  of  an  alloy  from  the  temperature  and  composition  of  salts, 


Composition  of  medium 

Temperature.  °C  1 

600 

700 

800 

900 

1000 

Na2S04 

0,1 

0,15 

0,28 

10,0 

122,0 

90%  Na2S04  +  10  %TE 

2,5 

7,0 

25,0 

56,0 

120,0 

T3  1 

17,0 

55,0 

240,0 

T200,0 

4500,0 

Table 


2  -  Dependence  of  the  hot-corrosion  resistance  of  an  alloy  (g/m2)  from  the  compostion  of  a  coating 

pAmnAeitiAn  nf  n  _ nnnOn  I  s\r\  n  /  ^  ^  _  .  __  I  k - — - — 


Composition  of  a 
coating 

Oxidation,  1300°C, 

1 00  hours. 

-  -  -'j  ‘  /  iiwin  uiv  v-vj 

90  %  Na2S04  +10  %  TE, 
20hours. 

lujjuouun  ui  a 

TE,  900°C, 

20  hours. 

Chromium  alloy 

21,0 

56 

1200 

YCrOj 

1,2 

2,5 

22,0  ' 

YCrCh  +  Zr02  (Y2O.0 

ro,78 

1,3 

13,2 

If  the  salt  is  in  a  firm  condition,  for 
example,  Na2S04(Tm.p.  =883°C),  she  (it)  practically 
does  not  work  on  metal,  and  under  a  film  of  salt 
(salt)  there  is  practically  usual  oxidation.  Therefore 
pure  (clean)  salt  Na2S04  strongly  influences  metal, 
since  900°  C,  and  its  (her)  mix  with  TE  (Tmp.  =550° 
C),  as,  however,  and  itself  TE  (Tmp  =410°C),  on  all 
the  investigated  temperature  interval.  Let's  note, 
that  salt  melts  at  rather  low  temperatures  influence 
metal  much  stronger,  than  gas  medium  at  much 
higher  temperatures  and  exposure  (1300°  C,  lOOhr 
tab.  2). 

As  a  whole  it  is  necessary  to  consider,  that 
the  resistance  of  an  chromium  alloy  to  SC  is  much 
higher,  than  known  heat  resisting  and  corrosion- 
proof  alloys  on  Ni  basis  [6].  In  chlorite  melts  he  is 
exposed  to  corrosion  rather  strongly  and  his 
resistance  much  below,  than  above  named.  The 
kinetic  dependence  of  sulpfate  corrosion  is  between 
linear  and  parabolic  (l<n<2),  and  chlorite  submits 
to  the  approximately  linear  law  (n~l  ,0).  As  against 
the  heat  resisting  of  Ni  alloys  given  a  chromium 
alloy  is  designed  for  work  at  temperatures  of  the 
order  1200°C. 

The  results  of  influence  of  protective 
coatings  on  the  resistence  of  a  chromium  alloy  to 
oxidation  and  HTSC  are  given  in  tab.  2. 


It  was  established,  that  protective  chromite  and 
two-layer  chromite-  zirconium  dioxide  coating 
strongly  raise  resistance  to  oxidation  and  high- 
temperature  sulphate  and  chlorite  corrosion  of  a 
chromium  alloy.  In  comparison  with  a  metal 
matrix  their  resistance  to  oxidation  grows  in  of 
~25  times,  resistance  SC  -  in~40  times,  and  CC  - 
in~90  times  of  a  sample.  Thus,  a  chromium  alloy 
can  be  used  up  to  1200°C,  and  at  higher  -  with 
application  of  the  protective  coating  on  base 
yttrium  chromite  and  zirconium  dioxide. 
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Institute  of  problems  of  Materialscience  NAS  of  Ukraine,  Kiev,  Ukraine 


For  increase  of  heat  resistance  of  the 
chromium-base  alloys  at  the  temperatures  more 
than  1273  K  in  a  nitrogen  contaning  medium  it  is 
used  an  yttrium  chromite  coating  [1].  The 
protective  properties  of  the  coatings  are 
substantially  determined  by  their  phase 
composition:  the  presence  in  a  coating  Y  or  Y-0 
phases  worsens  their  heat  resistance.  Taking  into 
account  essential  distinction  in  a  chemical 
resistance  and  an  electrochemical  behaviour  of 
chromium  and  yttrium  and  their  oxides  in  acid 
electrolyte  for  an  estimation  of  quality  of  coatings 
and  presence  in  them  of  Y  are  offered  to  use 
electrochemical  methods,  in  particular,  anodic 
polarization  of  samples  with  coatings  in  various 
areas  of  potentials  depending  on  the  put  tasks. 

Technique  of  experiments 

The  Y-Cr  coatings  was  deposited  on  the 
substrates  of  high  chromium  VKh-2K  alloy  by  a 
ion-plasma  method  with  the  following  annealings 
for  the  formation  of  necessary  structure  and 
composition.  For  realization  of  electrochemical 
researches  a  P-5848  potentiostat  with  KSP-4  self¬ 
recoder,  standard  3-rd  electrode  cell  with  divided 
anodic  and  cathodic  spaces,  an  chlorine-silver 
electrode  of  comparison  and  platinum  auxiliary 
electrode  were  used.  Polarization  of  the  samples 
was  carried  out  in  0,5  M  H2SO4  solution  at  the 
room  temperature  in  conditions  of  natural 
aeration. 

The  Y-Cr  coating  as  against  Cr  and  his  basis 
alloys  at  anodic  polarization  does  not  passivate 
and  in  the  field  of  steady  passivation  Cr  is 
dissolved  with  speeds  in  200-400  times  above. 
Using  these  differences,  the  combined  method  of 
an  estimation  of  thickness  of  the  deposited 
coatings  and  distribution  of  Y  deep  into  them  was 
offered.  It  was  carried  out  alternate  galvanostatic 
laminoetching  (i=5mA/cm2)  of  coating  with  the 
following  polarization  in  the  field  of  steady  Cr 
passivation.  An  operation  was  carried  out  before 
occurrence  of  ability  for  a  surface  to  passivate 
anodically.  From  coulonometric  measurements 
the  thickness  of  a  yttrium  containing  coating  was 
counted. 


For  study  of  influence  of  phase  composition, 
the  regimes  of  forming  annealing  and  the  action  of 
gaseous  medium  on  the  protective  properties  of 
coverings  it  was  used  the  comparative  analysis  of 
the  volt-ampere  curves  which  have  been  taken  off 
in  area  of  Cr  repassivation  (E>  1,15  V).  The  anodic 
dissolution  of  chromium  in  this  area  of  potentials 
is  controlled  by  a  stage  of  his  oxidation  up  to 
Cr.  Moreover,  the  places  of  primary  course  of 
process  are  a  various  sort  of  the  defects  in  a  film 
of  oxides,  that  allows  to  estimate  their  quality  [2]. 

Results  of  experiments 

Influence  of  composition  of  initial  coverings. 
The  Y-0  coating  does  not  passivate  and  in  area  of 
repassivation  is  dissolved  with  higher  speeds,  than 
VKh-2K  substrate,  owing  to  dissolution  Y.  The 
research  of  an  anodic  behaviour  of  the  Y,  Cr  and 
O  containing  films  in  various  ratio  and  sequence 
of  deposition  of  layers  has  shown,  that  the 
currents  of  dissolution  of  coatings  grow  in  a 
sequence  YCr+YCrO+CrO<YCrO<YCr+YCrO< 
VKh-2K.  The  counted  total  defection  of  a  coating 
(initial  porosity  and  appearing  one  as  result  of 
dissolution  Y)  grows  in  this  line  with  1.4  up  to 
20.0%.  The  films  formed  on  the  surface  of  VKh- 
2K  during  oxidation  in  air  (1473K,  5  hours)  have 
the  high  protective  characteristics.  The  process  of 
anodic  dissolution  is  realized  only  at  the  increase 
of  the  oxidizing  potential  of  a  system  on  0,10- 
0,16V  (E>1,3V)  in  comparison  with  the 

unprotected  alloy.  Hence,  the  increase  of  the 
chromium  oxides  contents  especially  as  the  top 
layer  and  the  decrease  of  the  yttrium  contents  in 
unannealing  coatings  it  is  resulted  in  improvement 
of  their  protective  properties. 

Properties  of  coatings  after  the  annealing.  A 
forming  annealing  (FA)  in  oxygen  of  Cr-Y 
containing  coverings  results  to  formation  on  all 
depth  of  stable  YCrCb  and  O2O3  phases.  The 
speed  of  anodic  dissolution  of  such  coatings 
sharply  falls,  the  process  of  dissolution  carries 
local  character  and  is  realized  on  the  defective 
places  and  pores,  share  which  does  not  exceed 
0.3%  of  the  area  of  a  coating.  The  protective 
characteristics  of  monolayered  YCrO  and  two¬ 
layered  YCr+YCrO  coatings  after  the  forming 
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layered  YCr+YCrO  coatings  after  the  forming 
annealing  practically  are  the  same.  However, 
during  the  thermocycling  (1473K,  200cycles)  in  a 
lesser  degree,  and  at  the  tests  in  N2(1473K, 
5hours)  in  the  greater  degree  it  is  occurred  of  the 
formation  of  defects  in  a  YCrO  coating,  owing  to 
what  anodic  overpotential  decreases  at 
simultaneous  growth  of  currents  of  dissolution. 
The  protective  properties  of  a  YCr+YCrO  coating 
after  the  5-  hour  exposure  in  N2  at  1373K  are  kept, 
i.e.  the  temperature  of  nitrogenization  essentially 
influences  on  the  formation  of  defects  in  a 
coating.  The  inclination  of  a  linear  dependence 
Igi-E  of  the  anodic  curves  received  on  the  VKh- 
2K  samples  without  and  with  the  coatings  without 
FA,  after  nitrogenization  decreases,  while  on  the 
samples  with  the  coatings  subjected  FA,  it 
remains  constant.  It  is  supposed,  that  the 
observable  changes  in  the  coatings  without  FA  are 
connected  with  formation  during 


nitrogenization  at  T>1473K  nitride  Cr2N,  which 
is  dissolved  owing  to  the  instability  in  acid 
medium.  In  the  subjected  FA  coatings  the 
formation  of  defects  is  connected,  mainly,  with 
the  mechanical  destructions  of  the  coatings  both  at 
the  thermocycling  and  at  the  nitrogenization. 

Thus,  use  of  an  electrochemical  methods 
allows  to  optimize  composition  of  the  initial 
coatings,  the  regimes  of  forming  annealing  and  to 
supervise  preservation  of  the  protective  properties 
of  the  coatings  at  the  operation  in  nitrogen 
containing  medium. 
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One  of  actual  tasks  of  contemporary 
machine-building  is  rise  of  resources  of  faultless 
engines  work  and  mechanisms,  going  in 
conditions  of  high  loading  and  intensive  friction, 
limited  lubricant.  By  Most  effective  decision  of 
this  task  is  use  in  pairs  of  friction  of  high 
technology  antifriction  materials. 

By  most  perspective  materials,  answering 
to  contemporary  requirements  on  antifriction, 
wear  resistance  and  to  other  properties,  are 
composition  materials.  So,  for  example,  for 
making  of  sliding  bearings  bushes  start  to  widely 
to  make  use  of  composition:  Bronze  +  reinforcing 
particles  on  iron  base  in  global  and  lamella  form. 

In  most  cases  such  materials  get  by 
methods  infiltration,  baking,  or  by  dint  of 
dispersion  standard  materials  on  base  Fe-Al;  Fe- 
Cu  and  Cu-Al,  However  by  most  problem  in 
given  case  is  a  size  heterogeneity  and  irregularity 
of  phase  composition,  low  durability,  and  also 
efforts  concentrators  presence  in  structure,  being 
generated  during  baking. 

On  other,  the  by  volume  production 
methods  of  composition  materials  are  in  row  of 
cases  ineffective  and  uneconomical.  Above  all 
things  this  related  to  that,  that  a  most  significance 
for  detail  work  longevity  have  quality  and  official 
descriptions  of  her  superficial  working  layer,  and 
not  detail  in  volume.  For  hardening  and  renewal 
of  details  surfaces  all  more  frequent  use  the  local 
influence  methods  with  application  of 
concentrated  energy  sources:  laser  and  electronic 
ray,  plasma  arc,  shock  wave  and  oth.,  in  that 
number  and  coverage's  drawing  methods  by  the 
medium  of  given  energy  sources. 

For  example,  compatibility  question  of 
chafing  materials  attached  to  use  of  coverages. 
The  questions,  bearing  upon  forming  processes  of 
composition  materials  on  details  surfaces  by  the 
medium  of  laser  hard  facing,  practically  not 
studied. 

Attached  to  selection  of  most  meaningful 
criterions  in  given  work  basic  attention  spared  to 
phase  composition  of  coverage,  as  determinative, 
affecting  physical  and  chemical  properties  of 
superficial  layer,  and  to  coverage  quality  with 


point  of  coupling  durability  viewing  with  surface 
of  base  and  his  operational  properties.  Originating 
from  requirements  to  materials  with  point  of 
viewing  of  optimum  friction  conditions  and  wear 
in  researches  object  quality  were  select  the 
compositions  on  base  steel  9X18  and  bronze  OCS 
3-8-6  with  diverse  by  volume  components 
maintenance  in  composition  of  cover  material. 

For  laying  of  experimental  process 
researches  of  laser  hard  facing  of  composition 
materials  used  an  universal  technological  complex 
"Comet-2M"  on  the  basis  of  C02-laser  by  nominal 
power  1  kW. 

For  process  realization  of  laser  hard 
facing  were  worked  up  and  made  proper 
adaptations,  allowing  to  realize  a  serve  of  cover 
material  in  processing  zone  and  to  remove  a 
purveyance  in  relation  to  laser  radiation. 

A  given  technological  complex  allows  to 
realize  a  processing,  as  flat  surfaces,  so  and 
rotation  bodies  surfaces  on  diverse  set  routines  of 
heating  (heating  source  shift  speeds  in  relation  to 
detail,  serve  reagent  and  inert  gases,  change  of 
focusing  spot  diameter).  A  Laser  powders  hard 
facing  from  steel  and  bronze  took  in  inert  gas 
(Ar),  which  profited  in  quality  of  powder 
transporting  (expense  Gr  =  20-30  1/h)  attached  to 
serve  by  dispersion  50-150  Mk. 

As  most  effective  coverage's  drawing 
method  used  laser  gas-powder  hard  facing  with 
serve  of  cover  material  immediately  in  processing 
zone.  Cover  powder  gave  under  comer  45(to  axis 
of  laser  radiation  after  to  moving  of  laser  ray 
expense  of  which  changed  in  limits  (Gnm  =  7-20 
g/min).)  (By  power  Closeness  of  thermal  source 
put  together  Wp=l-4xl08  W/m2.) 

For  lying  of  trials  on  wear  of  got 
coverages  used  installation  of  friction,  on  which 
the  trials  took  around  in  conditions  of  dry  friction. 

For  receipt  technology  optimization  of 
composition  coverage's  were  done  experimental 
researches  for  three  previously  select  factors: 
power  of  thermal  source,  speed  of  his  shift  and 
focusing  diameter. 

From  findings  visibly,  that  with  power 
closeness  growth  the  geometrical  dimensions  of 
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hard-faced  layers  increase.  Increase  they,  also  and 
with  exposition  time  growth  of  thermal  source. 

For  study  of  structurally  phase 
composition  of  got  coverage's  and  elements 
distribution  morphology  of  composition  structure 
were  priced  such  parameters  as:  percent  inclusions 
maintenance,  middle  inclusions  dimension, 
middle  inclusions  area  and  oth. 

The  Most  stable  dimensions  of  steel  and 
bronze  inclusions  and  closeness  of  their  packing 
typical  for  coverage's  with  20%  is  by  percent 
maintenance  of  one  of  constituents  (Fig.  I ). 


Fig.  1 .  Distribution  in  coverage  of  steel  particles 
(20%  Steel  +  80%  Bronze).  Coverage  height  1,95 
mm.  (Magnification.  300) 

A  structure-phase  and  h-rays  analysis  of 
single  bronze  inclusions  and  steel  showed  a 
presence  in  them,  in  first  case  of  steel-containing 
phase,  and  in  second  bronze-containing  phase. 
This  explains,  on  visible  that,  that  in  process  their 
coalition  is  able  "put"  some  part  of  matrix. 

With  rise  of  amount  of  bronze  in 
composition  of  material  coverage's  surface 
hardness  smoothly  rises  for  compositions  to  40% 
maintenance  of  bronze,  and  after  that  severally 
falls,  remaining,  however  above,  than  in  initial 
steel.  Rise  of  coverage  hardness  explains, 
presumably,  by  hardening  of  steel  phase  during 
heating  and  cooling  (tempering  from  liquid 
fortune),  which,  not  looking  at  augmentation  of 
amount  of  bronze,  raises  general  hardness.  A 
tempering  of  steel  phase  with  rise  of  amount  of 
heat-conducting  material  is  more  effective.  After 
that,  beginning  with  composition  with  40% 
bronze,  a  steel  phase  loses  its  integrity  and  gets 
across  in  inclusions  in  overhead  part,  and  after 
that  and  on  all  coverage  thickness. 


For  study  of  distribution  of  chemical 
elements  in  coverage's  coverage  to  and  after  their 
trials  on  wear,  took  their  h-rays  analysis. 

Results  comparison  of  h-rays  coverage’s 
analysis  to  and  after  trials  on  wear  shows 
considerable  (on  a  par  on  20  is  30%)  copper 
maintenance  augmentation  on  coverage  surface 
after  trials  cycle.  Given  researches  took  on 
standards  with  pressure  15,3  MPa  attached  to 
trials  on  wear.  This  allows  to  draw  a  conclusion  of 
bronze  bearing-out  on  friction  surface. 

Balancing  trials  results  on  wear  of 
composition  coverage's  attached  to  diverse 
loading  one  can  be  drawn  a  conclusion  of  that, 
that  attached  to  small  loading  by  best  indexes 
describe  coverage's  with  20-30%  bronze,  and 
attached  to  more  high  coverage  loading  with  70- 
80%  bronze  (Fig.  2). 


Fig.  2.  Wear  level  of  composite  coverages  of 
different  stuff  with  different  load. 


Attached  to  rise  of  loading  takes  place 
intensive  bearing-out  of  soft  material  on  friction 
surface,  (that  is  bom  out  by  data  of  h-rays 
analysis),  and  the  evenly  distributed  steel  (for 
compositions  III  of  group)  inclusions  play  a  role 
"framework",  which  on  one  does  not  prevent  to 
penetration  of  soft  material  on  surface,  and  with 
other  does  not  allow  coverage  to  become 
deformed  attached  to  high  loading.  Consequently, 
attached  to  raised  loading  a  soft  phase  darts  out  on 
surface  and  is  by  hard  smearing  attached  to 
friction,  and  hard  carries  on  oneself  basic  loading. 

Composition  laser  coverages  were  drifted 
on  working  surfaces  of  experienced  details 
parties,  which  walked  for  trials  in  conditions  of 
industrial  exploitation.  Comparative  exploitation 
analysis  of  tooled  details  with  initial,  showed  an 
essential  (1,5  2,5  times)  firmness  rise  first,  that 
allowed  to  be  accorded  considerable  economic 
effect. 
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The  refractory  materials  with  plastic  component 
addition  are  widely  used  for  fabrication  wear- 
resistance  coatings  in  mechanical  engineering  [1], 
To  such  materials  concern  TiN,  TiB2  with  the 
additives  Cr,  Ni,  Mo. 

In  the  present  work  the  combined  coating 
methods  are  used:  spark  treatment  (ST),  spark 
treatment  and  laser  processing  (ST+LT),  spark 
treatment  and  solar  radiation  (ST+SR). 

As  an  electrode  material  the  materials  on  base 
TiN+  (Cr,  Ni),  TiN+(  Ni,  Mo),  TiB2+(  Ni,  Mo) 
are  chosen.  ST  carried  out  in  spark  unit  EFI-46A 
in  a  mode  (I=1,5A,  C=300  OF).  Laser  treatment 
is  carried  out  in  unit  Quantum  -  15  in  a  mode 
(E=2,5  J).  A  solar  irradiation  carried  out  in  unit 
SGU-2  at  a  thermal  flow  of  1 1-12  MW/m^. 

Trybological  investigations  are  carried  out  in  unit 
MT-65  at  sliding  speed  of  V=T0  M/sec  at  P=50 
MPa  under  the  circuit  the  stitch  -  in  -  shaft  on  air. 

The  characteristics  of  friction  factor  (f)  and  wear 
rate  (I  micron/km)  are  investigated. 

It  is  established  that  friction  factor  (f)  decreases 
by  40  %  for  all  the  materials  in  study  after 
processing  of  steel  ST+SR  in  comparison  with  a 
coating  method  ST+LT,  and  it  is  a  little  bit  less, 
than  for  a  coating  from  ST,  excepting  a  TiB2 
based  material,  for  which  f  is  a  little  bit  higher 
(Figure). 

The  wear  rate  is  changed  also  ambiguously.  So 
for  TiB2  -  based  material  the  values  of  wear  rate 
are  identical  to  all  kinds  of  processing  and  have 
made  7,3.  For  TiN+(Cr,Ni)  and  TiN+(Ni,Mo) 
based  materials  the  wear  rate  is  less  at  ST+SR  (3- 
7).  The  highest  values  of  wear  (12-17)  are 
observed  after  ST+LT  (Figure). 


Thus,  the  comparative  results  for  TiN  and  TiB2 
based  materials  at  the  combined  coatings  have 
shown  that  the  friction  factor  after  processing 
ST+SR  for  all  specified  materials  is  decreased  by 
40  %  in  comparison  with  coatings  after  ST+LT. 

The  wear  rate  values  decrease  by  the  factor  of  3-5 
for  TiN-based  coatings  after  ST+SR  in 
comparison  with  such  value  after  ST+LT. 

The  wear  rate  for  all  the  kinds  of  processing  is 
identical  to  TiB2-based  materials. 


0.36-1 


ABC 


Figure.  Friction  coefficient  /  and  wear 
intensity  of  the  coatings  from  TiN-(Cr,  Ni) 
(1),  TiN-(Ni,Mo)  (2),  and  TiB2  -  (Ni,Mo) 
(3).  AST;  BST+LT;  CST+SR 
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Methods  of  thermal  evaporation  and  cons¬ 
tant  current  cathode  sputtering  are  generally  used 
for  preparation  of  iron  films. 

The  magnetron  sputtering  at  constant  cur¬ 
rent  is  the  perspective  method  for  a  production  of 
various  material  films. 

The  advantages  of  the  films  produced  by 
the  magnetron  method  are  as  follows:  no  porosity; 
high  film  adhesion  to  a  substrate;  a  similarity  of 
chemical  compositions  of  the  target  and  the  film; 
the  proximity  of  the  film  and  bulk  material  pro¬ 
perties  at  definite  thicknesses. 

The  difficulty  of  magnetron  preparation  of 
iron  films  is  connected  with  the  shunting  of  the 
magnetic  field  by  material  of  the  target. 

In  the  present  work  the  shunting  was  dimi¬ 
nished  by  means  of  the  special  target  construction 
and  its  10  -  ,15°C  overheating  as  compared  with 
Curie  temperature.  The  target  is  shown  on  figure. 
It  consisted  of  several  rings.  The  surface  of  the 
working  ring  (1)  was  sputtered.  Other  rings  (2,3) 
were  served  to  cool  the  first  one  and  to  depress 
the  shunting.  3  1  2 
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Figure.  Scheme  of  magnetron  target  for 
sputtering. 

The  sputtering  was  made  with  the  vacuum¬ 
pumping  equipment  with  the  built-in  magnetron 
at  the  next  parameters:  the  absolute  pressure  of  Ar 
-  1.3  Pa;  the  voltage  -  300-400  V;  the  cathode 
current  -  2.2  A;  the  deposition  rate  ~1.5  nm/sec. 

The  structure  of  the  films  was  analyzed  by 
the  electronograph  EG  type  and  X-ray  diffracto¬ 
meter. 

The  influence  of  the  film  thickness  on  its 
structure  was  investigated  for  the  films  with  thick¬ 
ness  from  25  to  300  nm.  The  mixture  of  the  body- 
centered  (a)  and  face-centered  (y)  phases  of  iron 
were  found  in  the  films  of  25  -200  nm  thickness. 


The  films  with  thickness  more  than  200  nm 
had  the  body-centered  structure,  like  the  structure 
of  bulk  iron  specimen. 

A  nucleation  of  iron  films  don’t  depend 
from  the  substrate  material  and  the  deposition 
method  [1-2].  The  islands  structure  formation  was 
observed  at  first  growth  stages.  With  the  film 
thickness  increasing  the  islands  were  merged  and 
formed  solid  layers. 

Super  thin  films  were  amorphous.  With 
increasing  of  the  film  thickness  the  formation  of 
the  mixture  of  body-centered  (a)  and  face-cente¬ 
red  (  y  )  phases  of  iron  was  observed  in  case  of 
epitaxial  film  growth  [3-5]. 

In  the  present  work  the  formation  of  two 
phases  (a  and  y)  iron  films  was  observed  as  in  [3], 
The  formation  of  the  unique  a  -structure 
was  observed  for  the  iron  films  with  thickness 
over  200  nm. 

Thin  iron  films  evaporated  on  transparent 
substrates  prepared  by  magnetron  sputtering  are 
perspective  as  matrixes  for  the  biocorrosion  study. 

Using  of  these  films  allowed  to  measure 
and  to  compare  the  corrosion  activity  of  different 
species  of  bacteria. 
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The  development  of  laser  mirrors  with 
strong  beam  stability  and  high  working  resource  is 
urgent  problem  on  nowadays.  These  mirrors  are 
important  under  various  applications  such  as  the 
development  of  powerful  eximer  laser  resonators, 
which  are  used  in  apparatus  for  metal  cutting  and 
quenching;  printed  -  circuit  cards  production; 
automatic  cutting  of  various  materials  and  etc. 

In  this  work  the  condensation  conditions, 
optical  and  dielectric  properties  of  the  Sc203  thin 
films  and  Sc203-Si02  multilayer  mirrors  were 
investigated. 

The  Si02  films  were  evaporated  in  the 
vacuum  1-310  '3Pa.  The  SC2O3  films  were  obtained 
by  using  the  metallic  Sc  reactive  deposition  method 
in  02  atmosphere  [1-3], 

The  Sc203  thin  films  had  good  dielectric  and 
optical  properties.  Their  specific  electrical 
resistance  constituted  ~  10l30hmcm  at  300K, 
dielectric  loss  ~1(T\  refractive  index  -  2.1.  Films 
were  highly  transparent  in  the  wide  spectrum  range 
and  had  small  light  dispersion  loss. 

The  Sc203  films  properties  were  practically 
independent  on  the  02  pressure  (P)  and  on  the 
deposition  rate  (V)  in  the  wide  diapason  of 
parameters  at  the  evaporation. 

In  figure  1  the  Sc203  thin  films  refraction 
index  depending  on  P/V  is  shown.  The  value  of  the 
Sc203  thin  films  refraction  index  coincided  with  the 
data  of  the  work  [4], 


Figure  1.  Refractive  index  of  the  Sc203  thin  films 
as  function  of  PA/. 


The  structure  and  properties  of  the  Sc203 
films  were  more  dependent  on  the  condensation 
temperature. 

At  Tc  lower  than  340°C  the  quasiamorphous 
ScA  films  were  formed.  At  Tc  ~  340#C  then- 
crystallization  began  and  at  Tc  ^  350  #C  the  cubic 
C -phase  was  stabilized,  and  the  gradual  increasing 
of  the  coherent  dispersion  blocks  were  observed. 
The  refractive  index,  the  absorption  coefficient  and 
the  light  dispersion  loss  were  dependent  on 
condensation  temperature. 

The  photon  energy  dependence  of  the  SC2O3 
films  absorption  index  (a)  is  shown  in  figure  2  for 
the  different  condensation  temperatures  of  films. 


Figure  2.  The  square  of  absorption  index  (a2) 
of  SC2O3  films  as  function  of  h  v  for  different 
condensation  temperatures  (•  -330;*  -340; »  - 
350;*  -360;.  -380°C). 

The  edge  of  proper  absorption  range  was 
about  5-6  eV.  The  SC2O3  films  were  transparent  in 
the  spectral  range  190  nm  -  10  pm  . 

The  absorption  index  was  ~104cm''  in  the 
transparency  region.  In  the  proper  absorption 
region  a  was  increased  by  the  square  law.  The 
band  gap  of  the  Sc203  films  was  6  eV.  This  value 
coincided  with  the  published  data  [4], 

The  Sc203  films  using  is  perspective  as  high 
refractive,  protective  and  corrosion  resistant  layers, 
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interference  filters  and  laser  mirrors  for  high 
energy  optics  [5-7], 

The  interference  mirrors  were  obtained  by 
the  in-tum  coating  Sc^  and  Si02  films  with  the 
formation  of  multilayer  covering  on  optical  Si02 
substrate. 

The  laser  mirrors  based  on  Sc203-Si02  were 
obtained  for  using  at  the  wavelengths  a=0.  1 93- 
0.650  pm.  The  value  of  reflection  coefficient 
maximum  was  determined  by  the  number  of  Sc203- 
Si02  bilayers.  Regarding  the  technical  speci¬ 
fications  its  variability  was  from  50  to  99.7  %. 

The  interference  mirrors  of  SC2O3-  Si02had  a 
very  small  light  dispersion  loss  (  <  10'3  %)  and  a 
high  resistance  to  powerful  energy  irradiation. 

The  light  dispersion  loss  value  depends  on 
the  condensation  temperature  (figure  3). 


Figure  4.  Spectral  transmission  of  laser 
mirror  before  (a)  and  after  (b)  the  permanent 
irradiation  (2500  W-cm'2,  120  s). 


Figure  3.  The  light  dispersion  loss  of  Si02- 
Sc,  03  laser  mirror  c  as  function  of  condensation 
temperatures  Tc  (7=  630  nm). 

The  irradiation  resistance  was  investigated 
by  the  constant  and  impulse  signal  operation. 

At  permanent  irradiation  the  power  of  light 
stream  applied  was  20-2500  W-cm-2.  At  pulse 
irradiation  was  used  the  wave  length  0.308  pm,  the 
pulse  duration  -  70  ns,  the  beam  diameter  -  0. 1-0.2 
mm. 

33  laser  mirrors  were  investigated.  The 
majority  of  mirrors  (87%)  did  riot  change  the 
parameters  after  permanent  irradiation  2500 
W-cm2  during  120  s. 

In  the  figure  4  the  spectral  transmission  of 
laser  mirror  before  (a)  and  after  (b)  the  permanent 
irradiation  2500  W-cm'2  during  120  s  is  shown. 
One  can  see,  that  the  films  mirrors  did  not  change 
the  optical  characteristics.  The  threshold  of  mirrors 
destruction  by  pulse  irradiation  was  higher  than 
3000  W-cm'2. 


The  optical  and  dielectric  parameters,  the 
mechanical  and  wet-strength  of  Sc203-Si02 
interference  mirrors  were  compared  to  the 
parameters  of  the  best  mirrors  according  to 
published  data  [1,  2],  as  the  result  the  irradiation 
strength  of  this  mirrors  was  proved  to  be  higher. 
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The  aging  Fe-Ni-Co-Ti  alloys  with 
thermoelastic  martensite  transformation  are 
developed  and  investigated  long  enough  [1-5], 
Small  temperature  hysteresis  and  complete 
reverseability  of  y«-»a  transformation  in  these 
alloys  is  reached  by  creating  the  micro- 
heterogeneous  structure  on  austenite  aging  and 
using  the  magnetic  ordering  influence  on  the 
martensite  transformation.  Practical  application 
of  the  above  alloys  with  shape  memory  usually 
requires  lengthy  operation  at  the  conditions  of 
cyclic  temperature  variation.  Thus,  the  influence 
of  thermocycling  over  a  temperature  range  of 
y«-*a  transformation  on  features  of  the  latter  in 
Fe-Ni-Co-Ti  alloys  for  a  small  number  of 
thermocycles  (30)  was  studied. 

The  alloys  with  different  thermal 
hysteresis  (H)  of  martensite  transformation  1  - 
Fe-30.2%Co-18.0%Ni-7.8%Ti  (H=40K),  2  -  Fe- 
34.8%Co-19.3%Ni-7.2%Ti  (H=95K),  3  -  Fe- 

36.7%Co-17.9%Ni-8.1%Ti  (H=125K),  4  -  Fe- 

30.5%Ni-19.4%Co-5.6%Ti  (H=25K),  5  -  Fe- 

26.5%Ni-23.S%Co-6.6%Ti  (H— 270K)  were 

melted  in  an  induction  furnace  in  argon 

atmosphere,  hot  rolled  and  homogenized  at 
1373K,  then  the  specimens  were  water  quenched 
from  T=1423K  and  aged  in  a  salt  bath:  alloys 
1,2,3  at  T=923K  during  20,  10  h  2  min 
respectively,  alloy  4  -  at  T=973K  30  min,  and 
alloy  5  was  investigated  in  the  quenched  state. 

The  characteristic  temperatures  of  y<-+a 
transformation  and  the  Curie  point  of  austenite 
were  found  by  examining  the  temperature 
dependencies  of  magnetic  permeability  and 
dilatometer  changes  on  the  thermocycling  carried 
out  in  the  required  temperature  interval  in  an 
apparatus  measuring  small-field  magnetic 
permeability  and  dilatometer]  Also  shape 
memory  effect  was  studied  by  the  method  of 
three  points  bending,  metal lographic  and  X-ray 
investigations  were  conducted  at  the  room  and 
low  temperatures. 

In  alloys  1  and  4  the  direct  and  reverse 
martensite  transformations  come  about  at  subzero 


temperatures  with  narrow  hysteresis  (20  and 
40K).  On  thermocycling  in  this  temperature  range 
a  slight  decrease  of  the  austenite  magnetic 
permeability  (the  less  then  10%  after  30  cycles) 
was  observed,  and  also  lowering  the  start 
temperature  of  direct  martensite  transition  Ms 
(approximately  to  5K)  and  raising  the  reverse 
transition  temperature  resulted  in  the  hysteresis 
increase  (~10K),  figure  la. 

In  the  alloys  with  wide  thermal  hysteresis 
of  y<->ct  transformation  (2,  3  and  5)  the  drop  of 
magnetic  permeability  and  dimension  changes  on 
cooling-heating  reaches  a  significant  value  (up 
to  50%),  figure  lb.  And  on  each  next  cycle  this 
drop  decreases  while  exhibiting  a  tendency  to 
reach  a  certain  fixed  value,  which  does  not 
subsequently  depend  on  the  number  of  cooling¬ 
heating  cycles.  After  the  20-th  cycle  the 
variations  are  practically  unobservable.  The  Ms 
point  does  not  substantially  change.  A  shift  of  the 
reverse  transformation  start  As  to  the  lower 
temperatures  and  during  the  early  2-3  cycles  an 
increase  and  then  a  decreasing  of  its  finish 
temperature  Af  is  observed.  Thus,  at  the  outset  of 
thermocycling  some  rise  of  the  transformation 
hysteresis  occurs,  but  as  a  result  of  that  procedure 
the  hysteresis  of  this  type  alloys  reduces. 

As  it  is  known,  the  initial  magnetic 
permeability  of  austenite  is  substantially  higher 
than  that  of  martensite.  This  is  due  to  the 
magnetic-crystalline  anisotropy  of  martensite 
crystals  and  high  density  of  crystalline  defects, 
because  the  martensite  transformation  is 
accompanied  by  the  formation  of  dislocations 
and  the  appearance  of  various  defects.  With  an 
increase  in  the  number  of  y*->a  transformation 
cycles  the  number  of  defects  in  the  structure 
increases  (a  multiplication  and  redistribution  of 
dislocation  occurs).  It  is  most  likely  that  in  the 
process  of  a  multitude  of  martensite<->austenite 
transformations  the  change  of  the  lattice  leads  to 
restructuring  of  the  defect  structure  so  that  a 
stable  reversibly  inheritable  distribution  of  crystal 
lattice  defects  is  formed  [6],  This  improves  the 
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alloy  5 


b 


Figure  1.  The  changing  of  properties  in 
Fe-Ni-Co-Ti  alloys  with  different 
hysteresis  of  y«-*a  transformation 
on  thermocycling. 


the  reverseability  of  martensite  transformation 
and  results  in  the  decreasing  of  hysteresis  on 
thermocycling  the  alloys  with  wide 
transformation  hysteresis.  However,  because  of 
the  partial  stress  relaxation  some  quality  of 
martensite  loses  thermoellastisity  and  is  retained 
in  the  structure  of  the  above  alloys  when 
overheating  Af.  The  X-rays  investigations  and 
incomplete  disappearance  of  the  martensite  relief 
on  the  surface  of  polished  metallographic 
specimens  after  thermocycling  evidence  of  this 
fact.  While  heating  the  samples  to  higher 
temperatures,  the  effects  due  to  multiple  cycling 
disappear  almost  completely,  as  it  leads  to  the 
destruction  of  the  dislocation  structure 
established  in  the  process  of  multiple  phase 
transitions  and  complete  transformation  of  all 
martensite  bulk  to  austenite. 


The  martensite  structure  of  Fe-Ni-Co-Ti 
alloys  with  narrow  transformation  hysteresis 
shows  thinner  plates  and  less  height  of  its  relief 
that  evidences  of  smaller  form  deformation  and, 
as  a  consequence,  lower  level  of  arising  stresses. 
Owing  to  this  the  relaxation  process  does  not 
occur  and  the  coherency  on  the  phase  boundaries 
preserves. 

Thus,  thermocycling  does  not  substantially 
influence  the  critical  temperatures,  hysteresis  and 
degree  of  transformation  in  the  alloys  with 
narrow  (up  to  40K)  hysteresis  of  y«-*a  transition. 
In  Fe-Ni-Co-Ti  alloys  with  wide  thermal 
hysteresis  of  martensite  transformation  the 
thermocycling  in  MrAf  range  resulted  in  some 
decreasing  of  the  hysteresis  H,  measured  on  the 
thermal  curves  at  Vi  change  of  the  value,  and  also 
transformation  degree  (the  quality  of 
thermoelastic  martensite).  After  ~20  cycles  of 
cooling-heating  the  property  stabilization  is 
observed. 

[1]  Kokophh  B.B.,  TyHbKO  JI.II.,  Ko3JiOBa  JI.E., 
JJAH  CCCP,  286,  Ns4  (1986),  883-886. 

[2]  Kokorin  V.V.,  Martensite  Transformations  in 
Inhomogeneous  Solid  Solutions,  Kiev,  Nauk. 
Dumka,  1987. 

[3]  Kokorin  V.V.,  Shevchenko  O.M.,  Materials 
Science  Forum,  79-82  (1991),  545-550. 

[4]  Kokophh  B.B.,  TyHbKO  JI.II.,  IHeBnemco 
O.M.,  <DMM,  JMel  1  (1992),  1 19-123. 

[5]  Kokorin  V.Y.,  Gunko  L.P.,  Shevchenko 
O.M.,  Scr.  Metal.,  28  (1993),  35-40. 

[6]  Brainin  G.E.,  Driban  V.A.,  Likhachev  V.A., 
FMM,  47  (1979),  611. 
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STRONG  PLASTIC  DEFORMATION  STRENGTH  OF  TECHNICAL 
PURE  TITANIUM  PRODUCED  BY  COLD  HEARTH  ELECTRON  BEAM 

REMELTING 

Minakov  V.N..  Minakov  N.V.,  Popchuk  R.I.,  Puchkova  V.U.,  Khomenko  G.E., 

Schekin-  Krotov  V.A.(1) 

Institute  for  Problems  of  Materials  Science  by  I.M.Frantsevich  NAS  of  Ukraine,  Kiev,  Ukraine 
(l)Joint  Stock  Company  «FIKO»,  Kiev,  Ukraine 


Now  a  day  leading  titanium  -  manufacturers 
puts  into  operation  cold  hearts  electron  beam 
facilities  with  independent  heat  sources. 
Independent  heat  sources  of  Electron  Beam  and 
Plasma  Melt  processes  allow  to  monitor  and  control 
the  temperature  of  the  molted  metal  zone  and 
crystallization,  to  effect  the  structure  and  impurities 
distribution.  The  technology  is  based  on  cold  hearth 
process  with  horizontal  charge  feed.  Molten  metal 
traverses  continuously  a  horizontal  water  cooled 
heart  from  the  feed  stock  melting  region  to  mold 
where  the  ingot  solidifies  and  at  the  bottom  - 
withdrawn.  Typically  the  four  electron  guns  (EG) 
are  used:  two  of  them  are  for  charge  melting,  the 
other  two  to  maintain  the  controlled  melt 
temperature.  JSC  "FIKO"  has  developed  one  fold 
electron-beam  cold  hearts  process  with  cold  cathode 
glow  discharge  electron  guns.  It  can  be  used  for 
manufacturing  of  ingots  0630mm,  up  to  5  tons  by 
weight.  The  process  of  melting  goes  in  electron- 
beam  cold  hearts  furnace  through  intermediate  poll, 
charge  in  the  container  (in  large  scale  scraped 
condition)  moves  horizontally.  This  method  allows 
to  use  up  to  100  %  scrap  and  wastes  of  titanium 
industry  as  raw  material  Main  advance  of  the  JS 
FIKO  technology  is  stable  melting  process.  It  is 
possible  to  provide  the  process  of  melting  at  2,5  Pa. 
For  comparison  pressure  less  than 
2,5xl0'2Pa  is  required  to  guarantee  operation  of  the 
gun  with  the  thermocathode. 

JS  FIKO  electron  beam  process  produces 
strong  plastic  deformation  (SPD)  ready 
commercially  pure  titanium. 

Chemical  composition  of  the  technically  pure 
titanium  meets  requirements  of  the  ASTM  B348 
Grade  2  standard. 


plant.  1  -  Cold  cathode  glow 
discharge  gun;  2  -  feed  stock;  3  - 
cold  hearth;  4  -  mould;  5  -  ingot. 

One  of  tire  main  goal  of  the  mill  products 
manufacturing  is  to  refine  an  legacy  as  cast  state 
grain  boundary  structure.  The  ingot  has  been  forged 
under  the  schema  0630mm  ->  0250mm  -» 
0120mm.  Commercially  pure  titanium  structure 
and  mechanical  properties  has  been  studded. 
Deformation  parameters  affects  on  the  grain  size. 
CP  titanium  with  approximately  ~  1mm  (fine  grain) 
and  5mm  (rough  grain)  has  been  produced.  File 
grain  produced  in  dynamic  recrystallization 
process,  whereas  rough  grain  size  corresponds  to 
drawing  out  factor. 

•  Fine  grain  CP  Titanium's  (grain  size  1-2  mm) 
mechanical  properties  are: 

•  yield  stress  o02=378,3  MPa, 

•  tensile  strength  -  cr  =  467, 7  MPa, 

•  aspect  ratio  6  =  21 ,05%, 

•  reduction  of  area  y  =85,2%. 
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The  mechanical  properties  of  the  magnetically 
controlled  electro  slag  remelted  (MEM)*  titanium 
with  a  grain  size  5  mm  were  used  as  an  starting 
point . 

JS  FIKO  CP  titanium  yield  stress  under  the 
room  and  cryogenic  temperature  conditions  exceeds 
MEM  ones.  Critical  defects  size  decrease  as  a 
temperature  reduction.  Low  temperature 
mechanical  tests  are  useful  to  reveal  CP  titanium 
defects.  JS  FIKO  CP  titanium  fracture  could  be 
characterized  by  high  stress  level.  Grain 
boundaries,  particles  and  other  defects  affected  to 
the  process  of  fracture. 

As  a  temperature  decrease  from  +20  to  -196°C 
strong  plastic  deformation  strength  (modulus  of 
plasticity)  grows  for  all  types  of  tested  CP  titanium. 


T,°C 

D,  MPa 

CP  Titanium  JS 
"FIKO" 

CP  Titanium 
"MEM" 

20 

900 

650 

-196 

1050 

1150 

D  -  strength  of  the  heavy  plastic  deformation 
or  modulus  of  plasticity. 


As  a  result  of  current  study  it  should  be 
mentioned  that  JS  FIKO  process  could  be  used  for 
grade  2  CP  titanium  production  from  scrap  and  low 
grade  sponge. 

Special  gratitude  should  be  mentioned  to 
prof.  Kompan  Ya.Yu  for  samples  of  MEM 
titanium,  Paton  Electric  Welding  Institute,  Ukraine. 


Fig.  2  True  strength  vs.  True  deformation  for  JS  "FIKO"  and  MEM  titanium:  1.  MEM  20°C;  2.  JS 
"FIKO"  titanium  20°C;  3.  MEM  -196°C;  4.  JS  "FIKO"  titanium  -196°C. 
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THE  RATING  OF  AN  OPPORTUNITY  OF  USING  TRIBOLOGICAL 
COATINGS  OBTAINED  FROM  TiN,  TiB2  BASED  MATERIALS  AT  THE 
RAISED  TEMPERATURE  IN  CONDITIONS  OF  SOLAR  ENERGY  EFFECT 


Frolov  G.A.,  Paustovsky  A.V.,  Tsyganenko  V.S.,  Novikova  V.I..  Timofeeva  I.I.,  Isayeva  L.P., 

Lityuga  N.V. 

Frantsevich  Institute  for  Problems  of  Materials  Science,  the  Ukraine  NAS,  Kyiv,  Ukraine 


The  prospective  direction  is  use  of  a  solar  energy 
in  technological  processes  of  coating  the  wear 
resistant  layers  [1], 

A  coating  on  steel  substrate  is  made  by  spark 
alloing  (SA)  with  use  of  the  electrode  of  materials 
on  a  basis  TiN,  TiB2  based  materials  containing 
the  additions  of  Cr,  Ni,  Mo.  SA  carried  out  in 
EFI-46A  unit  a  mode  of  1,5  A,  C=300  uF.  The 
processing  of  a  surface  by  solar  radiation  was 
carried  out  in  SGU-2  unit,  involving  mirror 
paraboloid  concentrator  for  solar  radiant  energy, 
and  supplied  with  Sun  tracking  system  as  well  as 
with  checkout  set.  The  thermal  flow  is  11- 
12  MW/m2. 

The  analysis  of  heating  curves  shows,  that 
temperature  on  a  steel  substrate  basically  is 
determined  by  absorbent  ability  (the  factor  of 
blackness)  of  coating  surface  in  study.  Than 
above  factor  of  blackness,  the  above  temperature 
of  a  surface,  the  more  intensively  warming  up  on 
a  substrate  takes  place.  Temperature  of  a  substrate 
of  researched  materials  differed  considerably 
from  each  other.  It  is  explained  to  that  the  large 
share  of  heat  is  removed  for  the  account  of  radiant 
cooling,  i.e.  by  radiation  with  heated  up  surfaces. 

At  a  choice  of  a  coating  it  is  necessary  to  prefer 
ones  with  greater  absorbing  ability,  i.e.  those 
samples,  heating  temperature  of  which  was  more. 
Just  these  coatings  at  heating  will  remove  better 
heat  at  the  expence  of  radiant  of  cooling. 

The  heat  penetration  curves  for  samples  of  three 
considered  compositions  show,  that  maximal 
absorbing  ability  (the  most  intensive  warming  up 
of  a  substrate)  has  a  TiN-  (Ni,  Cr)  material  (Fig., 
curve4).  For  a  material  TiB2-  (Mo,  Ni)  the  values 
of  temperature  for  heating  are  a  little  bit  lower 
(fig.,  curve  3).  Lower  absorbing  ability  has  the 
material  TiN-  (Ni,  Mo),  however  its  values  are 
higher,  than  for  steel  (Fig.,  curves  2,  1). 
Temperature  steel  substrate  is  minimal. 


X-ray  analysis  of  researched  surfaces  has 
established,  that  after  SA  initial  coatings  consist 
basically  of  intermetallides  with  small  oxides 
content.  After  influence  of  a  solar  energy  on  spark 
coatings  the  amplification  in  intensity  of 
reflections  from  an  intermetallide  phase  is 
observed,  that  testifies  to  them  annealing,  and 
also  occurrence  complex  oxide  phases.  It  is 
revealed,  that  at  a  high  temperature  heat 
penetration  in  spark  coatings  the  interaction  of 
iron  from  a  steel  substrate  with  an  electrode 
material  occurs. 

As  it  is  revealed  by  metallograph  analysis,  a 
dense  continuous  film  forms  on  a  surface  of  a 
sample.  This  film  heals  cracks,  roughness,  and 
surface  finish.  Factor  of  friction  of  SA-coatings 
after  processing  by  radiant  energy  decreases  on 
40  %  in  comparison  with  the  raw  coatings. 

Thus,  it  is  established,  that  the  processing  of 
spark  coatings  by  radiant  energy  results  not  only 
in  improvement  of  the  materials  tribological 
characteristics,  but  also  raises  absorbing  ability  of 
a  material,  that  makes  expedient  their  use  in  sites 
of  friction,  in  which  the  significant  share  of  heat 
is  removed  by  radiation  from  a  surface. 


H-eatmenltune,  sec 

Figure.  Wanning  temperature  dependence  (T,  °C)  of 
steel  substrate  on  the  time  treatment  for  the  materials: 
1- steel;  2  -  TiN-(Ni,  Mo);  3-TiB2-(Ni,  Mo); 
4  -  TiN-(Cr,  Ni). 

Reference 

[1]  Podchemyayeva  I.A.,  Lavrenko  V.A.,  Frolov  G.A., 
Dyuba  A.D.,  Pasichny  V.V.  About  laws  of 
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PECULIARITIES  OF  STRUCTURE  AND  MORPHOLOGY  OF 
CHROMOUM  COATING  MODIFIED  BY  SUPERHARD  ALUMINIUM 
BORONCARBIDE  A13B48C2  AND  BORON  SUBOXIDE  B1302 
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Superhard  materials  formed  of  light  elements  and, 
in  particular,  boron  containing  compounds  are  of 
important  interest  for  creation  of  technology  of 
wearproof  chemically  resistant  tool  materials  with 
high  mechanical  strength  and  thermostability. 
Questions  regarding  the  usage  of  superhard 
materials  as  a  reinforcing  addition  to  coatings 
deposited  on  working  tools  of  a  turning  lathe, 
drill  bitts  are  of  especial  significance.  Their 
solutions  aimed  to  increase  their  technological 
characteristics  such  as  wear-resistance, 
thermostrength,  hardness,  long-life  and  etc. 

In  this  work  the  results  of  researches  of 
structure,  of  morphology  and  composition  of 
modified  chromium  coating  with  aluminium 
boroncarbide  A13B48C2  and  boron  suboxide 
Bi302  reinforcing  additions  deposed  on  drill 
bitts  are  presented.  The  coatings  are  obtained 
by  electrochemical  precipitation  of  chromium 
from  electrolyte  contained  highly  dispersed  (< 
lmkm)  single  crystal  particles  of  aluminium 
boroncarbide  and  boron  suboxide.  The  mode 
of  the  coating  depositing  was  optimized  by 
varying  of  technological  parameters  of 
chromium  precipitation  from  electrolyte  and 
of  disperseveness  of  boron-containing 
compounds.  To  investigate  structure, 
morphology  and  composition  of  coatings 
samples  Scanning  Electron  Microscopy 
(SEM)  equipped  with  Energy-Dispersive  X- 
Ray  Spectrometer  (EDS),  Scanning  Auger 
Electron  Spectroscopy  and  Microscopy  and 
Secondary  Ion  Mass  Spectrometry  (SIMS) 
were  employed.  A  portion  of  the  research  was 
earned  out  by  Ashurst  Technology  Centre  Inc. 
Toronto,  Canada. 


Microstructure  and  morphology  of  the  coating 
surface  are  presented  in  fig.l  (a,  b,  c).  Results 
of  mass-spectroscopy  measurements  -  in  fig.2. 
The  thickness  of  the  coating  is  about  3  pm. 
The  coatings  consists  mainly  of  chromium 
with  a  little  concentration  (about  1  %)  of  other 
elements  or  their  compounds,  which  got  into 
the  coating  during  a  process  of  the 
electrolysis.  Elements  such  as  B,  O,  BaOy, 
Ti,Cl,  A1  or  their  compounds  are  also  detected 
in  the  composition  of  the  coating.  They  were 
localized  mainly  on  the  interface  between  the 
coating  and  a  drill  where  their  concentration  is 
one  order  higher  than  in  the  chromium 
coating.  Particles  in  shape  of  flakes  (from  1  to 
5  pm  in  size)  are  randomly  distributed  on  the 
surface  of  the  coating  (fig.l, a.).  Under  the 
formation  made  of  the  flakes  one  can  observe 
a  layer  which  consists  of  more  dispersed 
particles  (fig.l,b.).  A  fragment  of  the 
chromium  coating  is  displayed  in  fig.l  (c),  on 
which  a  flaw  led  to  cracking  of  the  flakes  but 
not  to  their  exfoliating  from  the  lower  layer 
can  be  seen.  Besides,  flaws  indicated 
exfoliating  of  the  coating  off  iron  base  were 
not  also  observed.  Consequently,  adhesion  of 
a  modified  coating  to  an  iron  base  and 
efficient  cohesion  between  the  outer  layer  of 
flakes  with  an  inteijacent  one  consisting 
mainly  of  highly  dispersed  reinforcing 
additions  is  good  enough.  Probably,  because 
of  this  feature,  the  drill  bitts  with  such  a 
coating  exhibited  at  tests  extremely  high 
(more  than  5  times  with  comparison  of 
uncoated  drills)  performance. 
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Fig.  1 .  Microstructure  of  outer  (a)  and  inner 
(b)  layers,  and  also  a  fracture  (c)  of  chromium 
coating  which  characterizes  high  strength  of 
cohesion  between  the  layers. 


TIMC  (seconds) 

Fig. 2.  By  element  composition  of  the 
chromium  coating  modified  with  high  -hard 
aluminimum  borocarbide  AbB  ixC?  and  boron 
suboxide  BuO.>  obtained  through  mass- 
spectroscopy  measurements. 


Thus,  the  presence  of  components  of 
reinforcing  additions  (A13B48C2  and  B,302)  on 
the  interface  iron  /  chromium  facilitates  to  the 
growth  of  the  coating  adhesion  and  can  at  the 
same  time  be  a  remarking  feature  of  this 
coating. 
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SOME  STRUCTURAL-MICROMECHANICAL  ADHESION  CRITERIA  OF 
MULTILAYER  HEAT-  PROTECTIVE  COATINGS 


Okatova  G..  Checan  V.,  Markova  L.V. 

Powder  Metallurgical  Researche  Institute,  Minsk,  Belarus 


Introduction 

A  significant  achievement  in  the  field  of 
creation  of  protective  coatings  on  turbine  blades  is 
coatication  of  ceramic  heat-shielding  coatings 
(HSC)  by  the  electron-beam  spraying  method 
[1,2]. 


A  blade  of  the  turbine  with  three-layer  HSC 
is  a  complex  interdependent  system  [3].  At  the 
testing  stages,  there  was  flaking  of  a  ceramics 
layer  on  some  blades.  Preliminary  research  deter¬ 
mined  that  the  flaking  occured  on  the  boundary  of 
"  a  pore-free  zone  "  (fig.  I  on  arrow  1)  from  the 


ceramics  side. 


Fig- 1  ■  HSC  microstructure  on  a  cast  rotor  1-st 
stage  turbine  blade 


There  was  no  definite  answer  to  the  questions 
of  reason  and  conditions  of  formation  of  a  pore- 
free  zone  and  correlation  of  its  size  with  condi¬ 
tions  of  ceramic  layer  formation. 

The  purpose  of  research  was  to  establish 
structural  -  micromechanical  criteria  of  good  ad¬ 
hesion  of  multilayer  HSC  obtained  by  electron- 
beam  spraying  method. 

Experiment 

The  research  was  carried  out  on  3  layer  HSC: 
external  ceramics  Zr02+Y203,  cermet  Ni-Cr-AI-Y 
+  ZrO2-Y203  (up  to  40  microlayers)  and  metal 
sublayer  Ni-Cr-Al-Y.  Coatings  were  put  on  cast 
rotor  1-st  stage  turbine  bladings  made  from  re¬ 
fractory  alloy  GS6F.  The  research  blades  had  been 
selected  for  research  according  to  its  main  struc¬ 
tural  attribute  -the  width  of  pore-free  zone. 

The  research  was  carried  out  using  the  inte¬ 
grated  method  of  coatings  research  designed  in 
BRPA  Powder  Metallurgy  [4],  As  leading  crite¬ 
rion  for  estimation  of  resistance  to  flaking,  the 
method  of  micro-impressions,  used  for  estimation 
of  adhesive  strength  of  coatings,  was  selected. 


Results  and  discussion 

The  research  of  blades  determined  the  types 
and  measured  the  width  of  structural  zones  of  ce¬ 
ramics.  It  turned  out  that  on  the  lip,  back  and 
trough  of  feather  of  different  blades  the  pore-free 
zone  is  either  absent  or  has  significantly  varying 
width  -  from  2  up  to  12  microns. 

Results  of  microhardness  measuring  and  es¬ 
timation  of  resistance  to  the  flaking  of  ceramics 
have  shown,  that 

-  microcracking  in  a  pore-free  zone  on  different 
blades  is  detected  at  loads  from  0.25  up  to  ION 
and  not  always  determined  by  the  blade  width; 

-  the  poorest  resistance  had  the  blade  with  the 
pore-free  zone  zone  width  of  4-5  microns  on  the 
back  and  6-10  microns  on  the  trough  -  mi¬ 
crocracking  in  the  pore-free  zone  appeared  al¬ 
ready  at  micro  impression  with  load  of  0  25  N 
(fig-2); 


Fig-2.  Microstructure  of  ceramics  -  cermet 
transition  zone  with  a  microhardness  print  at 
loads  0.1,  0.25  (on  arrow.  1  with  crack  - 
separation  on  the  boundary:  pore-free  zone  - 
zone  of  columnar  crystals)  and  5  N,  x400 

-  on  blade  PN  before  and  after  (the  sample  PNO) 
an  annealing  at  absence  of  pore-free  zone  on  the 
back  and  its  presence  on  the  trough  (the  size  6  and 
8  microns),  the  best  result  is  obtained:  at  micro¬ 
impression  with  all  loads  -  from  0.1  up  to  10  N 
microcracking  is  practically  absent  (only  at  load 
10  N  on  blade  PN  a  very  small  microcracking  in¬ 
side  and  on  a  print  contour  is  found). 

The  microhardness  in  a  pore-free  zone  of  the 
blades  inclined  to  cracking,  is  lower  on  -1000 
MPa,  than  in  blades  with  higher  resistance  to  de¬ 
velopment  of  cracks  (PN,  PNO). 

In  blade  PN  the  microhardness  of  pore-free 
zone  is  4750,  in  columnar  zone  it  is  lower  -  3700 
MPa;  after  annealing  the  microhardness  in  pore- 
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free  zone  has  increased  at  200  MPa,  in  columnar 
zone  it  increased  at  >1000  MPa. 

Research  in  SEM  after  steep  etching  has 
shown  that  the  pore-free  zone  has  the  same  co¬ 
lumnar  structure  as  the  main  ceramics  layer,  but 
its  crystals  are  very  thin  -  if. microns  and  fit 
closely  to  each  other  (fig.3.)  The  centers  of  micro- 
crystals  nucleation  are  microcrystals  Zr02  in  cer¬ 
met  microlayers.  During  directional  growth,  part 
of  microcrystals  suspends  the  growth  of  others  - 
separate  pores  and  lines  of  micropores  begin  to 
appear  (fig.3,  on  arrows  2-4). 


Fig.3.  Microstructure  of  the  ceramics  -  cermet 
transition  zone  with  concentration  distribu¬ 
tion  curve  Ni  if  - 

The  microstructure  in  blade  PN  has  essential 
difference  from  other  blades:  at  a  pore-free  zone 
of  grey  colour  there  are  the  thin  white  interlayers 
(fig.4  on  arrows  1 ,  2). 


Fig.4.  Microstructure  of  blade  PN,  xlOOO 

After  steep  etching  and  research  in  SEM  it 
was  found  that  polyhedral  microcrystals  and 
"bridges"  of  connection  of  a  cermet  and  ceramics 
serve  as  the  basis  of  columnar  microcrystals  in 
pore-free  ceramics  zone  of  blade  PN  (fig.5). 


Fig. 5.  Microstructure  of  pore- free  zone  on 
the  ceramics  -  cermet  boundary,  x2500 


On  a  concentration  curve  it  is  visible  that  dif¬ 
fusive  interaction  in  HSC  goes  on  elements  Ni,  Cr 
Al,  the  zone  of  diffusion  is  placed  in  "pore-free" 
zone.  The  thinner  is  the  zone,  the  higher  is  gradi¬ 
ent  of  density  on  these  elements. 

On  concentration  curves  in  blade  PN  on  par¬ 
ticle  lines  -  white  "interlayers"  horizontal  areas  are 


Fig.6.  Concentration  distribution  curves  Ni,  Cr, 
Al,  Co,  Zr  in  a  ceramics  -  cermet  transition 
zone  of  blade  PN 

In  a  blade  with  strong  cracking  in  ceramics 
the  preferential  phase  is  Zr02  with  monoclinic 
lattice.  In  a  blade  without  flaking  the  main  phase 
is  Zr02  -  tetragonal. 

Conclusion 

From  comparison  of  structure  and  Ni,  Cr,  Al 
distribution  in  "pore-free"  zone  it  is  obtained  that 
in  blade  PN  the  pore-free  ceramics  zone  has  fine 
polyhedral  structure,  a  metal  framework  of  a  spe¬ 
cial  structure  with  higher  strength  which  protects 
ceramic  HSC  layer  obtained  by  electron-beam 
spraying  method  from  flaking. 
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The  metallurgy  of  zirconium  has  received  intensive 
development  after  zirconium  became  the  basic 
component  of  constructional  alloys  for  atomic 
engineering. 

Zirconium  has  several  unique  properties.  Those  are 
small  section  of  capture  of  neutrons,  high 
temperature  melting  and  good  corrosion  properties. 
Therefore  zirconium  began  to  be  used  as  a  basis  a 
constructional  material  of  an  active  zone  of  nuclear 
reactors.  It  has  required  development  of  methods 
of  reception  zirconium  "reactor  cleanliness".  I.e.  in 
zirconium  there  should  be  a  minimally  necessary 
quantity  of  such  impurity  as  H2,  02)  Si,  C,  F,  Hf 
etc. 

Perspective  method  of  zirconium  refinement  is 
electron-beam  melting  (EBM),  allowing  from 
initial  metallurgical  preparation  of  zirconium  to 
receive  an  ingot  of  higher  degree  of  cleanliness 
with  regulated,  lower  contents  of  harmful  impurity, 
which  strongly  influence  mechanical  and  corrosion 
properties. 

In  PTIMA  NAS  of  Ukraine  calciumthermal 
zirconium  of  the  mark  CTZ-100,  made  on  the 
Dneprodzherzhinsk  State  research-production 
enterprise  “Zirconium”,  is  remelt  in  ingots  by  a 
diameter  of  270  mm,  length  260  mm  and  weight  70 
kg  by  a  traditional  method  EBM  and,  using  a 
method  EBM  with  imposing  of  electromagnetic 
fields. 

The  basic  purpose  of  the  given  work  was 
realization  of  the  comparative  analysis  of  ingots 
zirconium  received  by  various  ways.  For  remelting 
of  zirconium  is  used  cold-bottom  electron  beam 
installation  CEBI-1  supplied  by  system  of 
electromagnetic  stirring  (EMS). 

The  average  chemical  compositions  of  the 
produced  ingots  agreed  with  technical 
requirements  (TR).  The  special  attention  is  given 
to  the  contents  02  in  metal.  Since.  02  being 
dissolved  in  Zr  in  plenties  reduces  plasticity, 
corrosion  stability,  changes  crystal  structure  and 
orientation  of  allocation  hydrides.  Therefore  TR 


the  contents  02  up  to  0,1-0,12  %  is  limited.  In  our 
case  the  contents  02  changes  from  0,13  %  at  EBM 
up  to  0,12  %  at  EBM  with  EMS. 

The  hardness  of  a  matrix  Zr  on  Brinell  after 
various  methods  remelting  was  measured.  Its  level 
agreed  TR,  170  kg  /  mm  applying  EMS  and  are 
little  bit  higher,  176  kg  /  mm2  without  EMS.  That  is 
explained,  on  all  probability  raised  contents  02  in 
Zr,  remelted  by  a  traditional  method  EBM.  With 
the  purpose  of  revealing  local  volumetric  liquation 
the  microhardness  from  periphery  to  the  center  of  a 
sample  was  measured  at  loading  20.  At  remelt  of 
an  alloy  both  with  EMS  and  without  EMS  the  level 
of  hardness  has  made  184,8  kg  /  mm2,  that 
indirectly  testifies  to  uniformity  of  structures. 

Researches  macrostructure  along  an  ingot  has 
shown  the  tendency  to  crushing  a  grain  in  Zr 
remelted  with  EMS,  large  degree  of  a  regularity  in 
an  arrangement  of  acicular  dendrites  on  all  extent 
of  an  ingot. 

According  to  the  literary  data,  Zr  undergoes  during 
cooling  from  melt  phase  transformation  at 
temperature  862°C:  the  high-temperature  P-phase 
with  body-centered  by  a  lattice  passes  in  low- 
temperature  an  cc-phase  with  hexagonal  close- 
packed  by  a  lattice.  This  transition  has  the 
extremely  large  meaning  in  technology  of 
processing  Zr  and  its  alloys,  since  as  a  result  of  this 
transition  there  is  a  structure  determining  all 
properties  of  a  material  in  all  ranges  of  working 
temperatures  (300-3 80°C  and  up  to  1000-1200°C). 

Really,  at  research  of  microstructure  Zr  CTZ-100, 
after  etching,  the  presence  of  packages  and  plates 
making  these  packages,  low-temperature  of  an  a- 
phase  allocated  on  borders  of  grains  of  a  former  p- 
phase  is  found  out. 

Researches  of  microstructure  Zr,  after  electron 
beam  remelting,  we  carried  out  on  samples  cut  out 
from  the  top,  central  and  bottom  parts  on  height  of 
an  ingot.  The  microstructure  of  an  alloy  without 
electromagnetic  hashing  is  characterized 
homogeneous  enough  under  the  geometrical 
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characteristics  by  packages  of  an  a-phase.  Width  of 
packages  of  top,  center  and  bottom  of  an  ingot 
have  practically  identical  meanings  0.33  -  0.36 
mm;  width  of  plates  makes  0.007  -  0.01mm; 
distance  between  plates  makes  on  the  average 
0.001  mm. 

Investigating  microstructure  Zr  with  EMS,  the 
significant  crushing  of  structural  components  is 
observed  structural  orderliness:  width  of  packages 
has  decreased  up  to  0.15-0.22  mm,  plates  making 
packages,  are  characterized  by  two  standard  sizes. 
The  plates  by  the  sizes  of  0.02-0.04  mm  make  70% 
of  the  areas  microsection,  and  30  %  of  the  areas 
microsection  borrow  plates  of  width  0.005-0.006 
mm.  Distance  between  plates  makes  on  the  average 
0.0005  mm. 

The  observable  structural  changes  testify,  on  all 
probability,  to  aspiration  of  an  alloy  with  EBM  to 
more  equilibrium  condition,  about  reduction  of  a 
degree  liquation,  about  the  greater  degree  of 
homogenization  melt. 

In  the  top  part  of  an  ingot  both  without  EMS,  and 
with  EMS  are  observed  shell-like  porousness,  that, 


probably,  testifies  about  raised  gas-full  in  the  top 
part  of  an  ingot,  owing  to  reference  in  this  area  of 
harmful  impurity  and  gases,  that  is  characteristic 
for  zoned  melting.  And  it  on  all  probability 
explains  faltering  growth  of  plates  in  the  top  part 
of  an  ingot  and  less  ordered  orientation  of 
packages. 

The  preliminary  conclusions,  which  can  be  made 
of  work,  testify  to  positive  influence  EMS  on 
feature  of  the  structural  characteristics.  But  for 
more  complete  picture  of  influence  EMS  it  is 
necessary  to  carry  out  additional  researches  with 
precise  differentiation  of  parameters  melting  and 
speed  of  crystallization.  Namely,  control  of 
temperature  overheating  volumetric  and  in  a  zone 
focal  of  a  stain,  multiplicity  of  processing  at 
different  powers,  speed  of  cooling  of  an  ingot  in 
process  crystallization.  To  carry  out  metallographic 
the  control  of  a  parity  of  residual  quantity  high- 
temperature  and  lowtemperature  of  phases  and 
influence  of  their  volumetric  quantity  on  a  level  of 
the  physics-mechanical  characteristics  of  an  alloy, 
l.e.  to  connect  technological  parameters  of  process 
of  melt  and  having  filled  with  the  functional 
characteristics  of  the  received  material. 
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INVESTIGATIONS  FOR  INFLUENCE  OF  COMBINED  ACCELERATED 
IMPACT  OF  OUTER  SPACE  FACTORS  ON  PHYSICAL  PROPERTIES  OF 
FUNCTIONAL  SPACE-APPLICATION  COATINGS 

Gavrylov  R.V.,  Pokhyl  Yu.O.,  Agashkova  N.N.,  Pristiuk  M.M.,  Triolo  J.  J.(2),  Pedolsky  H.<3) 

Special  Research  and  Development  Bureau  for  Cryogenic  Technologies  B. Verkin  Institute  for  Low 
Temperature  Physics  and  Engineering,  NASU,  Kharkov,  Ukraine 
(2)NASA,  Washigton,  DC,  USA 
(3)«Orbita»  Ltd,  Kensington,  MD,  USA 


In  this  report,  represented  are  results  of 
investigations  for  influence  of  simultaneous 
accelerated  impact  of  laboratory-  simulated  outer- 
Space  environment  factors  (SEF),  such  as:  -  flux 
of  protons  (p+)  and  electrons  (e'),  electromagnetic 
radiation  of  artificial  Sun,  vacuum  ultra-  violet 
(VUV)  radiation  and  vacuum  on  properties  of 
functional  material,  being  a  thin  composite 
coating  layer,  produced  by  vacuum  evaporation 
method. 

In  the  course  of  studies,  there  were  made 
investigations  and  measurements  (prior  to,  and 
after  impact  by  SEF)  of  the  following  parameters: 

-  surface  morphology; 

-  integral  coefficient  of  irradiation,  (□); 

-  coefficient  of  reflection  [R( L  )]  within 
200...  1800  nm  wavelength  range; 

-  coating  masses  losses,  at  accuracy  to  1 0"1  g. 

Totally,  two  experimental  series  have  been 
carried  out. 

In  first  experimental  series,  test-  samples  of 
coatings  were  irradiated  by  integral  (p+)-  and  (e-)- 
flux  by  dosage  D  =  6*1015  cm2,  which 
corresponded  to  five  years  of  materials’  stay  on 
geostationary  orbit/  As  a  source  of  artificial  Sun 
radiation  within  200... 2500  nm  wavelength  range, 
there  was  employed  “IS-  160”  type  Xenon  lamp- 
based  Sun-  simulator.  The  artificial  Sun  radiation 
intensity  made  up  I=l,4*103W/m2,  which 
corresponded  to  a  unitary  dose  of  para- 
atmospheric  Sun.  Total  irradiation  time  was  100 
hours.  With  purpose  to  simulate  VUV-  radiation 
of  Sun  within  (5...200nm)  wavelength  band,  there 
was  employed  gas-  jet  source  of  light,  the  GJS. 
Maximum  flux  of  VUV  -  radiation  made  up 
0.125  W/m2,  which  ensured  an  irradiation-  dosage 
in  equivalent  to  1  year  of  outer  Space 
environment. 


After  exposure  to  the  simultaneous  accelerated 
impact  by  all  the  above-  listed  SEF  the  integral 
coefficient  of  irradiation,  (Zi,  has  increased  from 
56%  up  to  67%. 


Figure  1  represents  a  characteristic  diagram  of 
change  in  reflection-  ability  of  a  coating,  before 
(curve  I)  and  after  (curve  II)  impact  by  SEF. 


Wavelength  (nm) 

Figure  1:  #1  Series  of  Experiments.  Characteristic 
curves  for  reflection-  coefficient  of  a  test-  sample 
investigated 

It  is  obvious  from  Figure  1  that  character  of 
spectral  dependency  R(  ,)  after  irradiation  is 
similar  to  that  of  initial  test-  sample  (i.e.,  curves 
(II)  and  (I),  correspondingly);  however,  the  curve 
(II)  is  situated  notably  lower  than  curve  (I),  at 
almost  twice  as  increased  oscillations  amplitude. 
Decrease  of  reflection-  coefficient  does  not 
exceed  ~  15  %  in  entire  range.  Decrease  of 
visible-  band  reflected-  light  intensity  (350  <  < 

800  nm)  can  be  assumed  for  by  occurrence  of 
surface-  roughness,  whose  value  is 
commensurable  or  even  in  exceed  of  incidental 
light  wavelength. 

Analysis  of  data  gained  at  investigation  of  surface 
morphology  has  shown  that  coating  surface 
structure  has  undergone  dramatic  changes.  An 
irradiated  coating  surface  possesses  a  lot  of 
different  non-  homogeneities,  like:  cracks,  pores, 
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roughness,  lamination  of  coating  layer  out  of 
substrate. 

In  second  experimental  series,  coating-  surfaces 
were  irradiated  by  integral  (p+)-  and  (e>  flux  with 
energy  E=  150  keV,  after  72  irradiation  hours 
which  corresponded  to  720  hours  of  materials’ 
stay  on  geostationary  orbit.  Dosage  D  = 
5*1012cm'2  made  up  Maximum  VUV-  radiation 
flux  made  up  0,125  W/m2,  which  has  enabled 
authors  to  expose  materials  to  test-  dosage  in 
equivalent  of  720  hours  of  materials’  radiation  in 
outer  Space  on  geostationary  orbit. 

Integral  coefficient  irradiation  (□  of  coatings  has 
not  changed  after  impact  by  SEF. 

Figure  2  represents  a  characteristic  diagram  of 
change  in  reflection-  ability  of  a  coating,  before 
curve  (I),  and  after  curve  (II),  impact  by  SEF,  in 
#2  series  of  experiments. 


Figure  2:  #2  Series  of  Experiments:  Characteristic 
curves  for  reflection-  coefficient  of  a  test-  sample 
investigated: 

After  irradiation,  character  of  spectral 
dependency  R(D)  is  similar  to  that  of  initial  test- 
sample;  however,  the  reflection-  coefficient  has 
reduced  by  about  10%,  whereby  oscillations 
amplitude  has  increased  by  3. ..5%.  Major  changes 
of  test-  sample  reflection-  coefficient  occurred 
within  350. ..800  nm  wavelength  range. 

Investigations  for  surface-  morphology  have 
shown  that  coating-  surface  structure  has 
undergone  some  changes.  An  irradiated  coating 
surface  includes  different  sorts  of  non¬ 
homogeneities,  like:  cracks,  pores,  roughness  etc. 

Analysis  of  data  thus  obtained,  enables  one  to 
pronounce  the  following  findings: 


1.  Decrease  of  reflected-  light  intensity  in 
visible  range,  as  well  as  increase  of  oscillations- 
amplitude  at  reflection-  characteristics  diagram 
after  SEF-  impact,  can  be  explained  by  change  of 
surface-  structure  under  impact  of  SEF. 

2.  Test  -  samples  investigated  in  #1  series 
of  experiments,  have  undergone  greater  changes 
than  those  in  #2  series.  For  example,  coating- 
surface  has  eroded  to  comparably  greater  extent, 
and  with  greater  amount  of  cracks.  These  features 
are  related,  presumably,  to  facts  that  in  #2 
session,  irradiation  dosage  was  less  by  1000 
times. 

3.  Coating-  surface  structural  changes, 
delineated  by  this  present  paper,  can  be  assumed 
for  by  either  of  three  potentially  possible  physical 
mechanisms. 

First,  irradiation  material’s  by  charge  particles 
brings  to  accumulation  of  charges  in  para- 
surfacial  layer,  strong  Coulomb  interactivity 
among  charges,  and  hence,  to  origination  of 
cracks  within  coating  structure. 

Secondly,  combined  impact  on  material  by  (p+)- 
and  (e-)-  flux  results  in  impregnation  of  para- 
surfacial  layer  with  hydrogen  (due  to  effect  of  re¬ 
combination),  bringing  to  embrittlement  of 
coating  and  to  decreasing  of  composite-  material 
adhesion-  strength. 

Thirdly,  occurrence  of  surface  roughness, 
commensurable  with  incidental-  light  wavelength, 
is  a  bright  evidence  that  under  attack  of  vacuum 
ultraviolet  radiation,  the  coating-  surface  must 
have  undergone  some  etching  erosion. 

NOTE:  this  work  has  been  accomplished  in  the 
scope  of  #9  Contract  among  SR&DB-  ILTPh&E- 
NASU  and  NASA,  USA  (2000). 
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CHANGING  OF  MECHANICAL  PROPERTIES  OF  STRUCTURAL 
MATERIALS  UNDER  THERMAL-  AND  FORCE-  CYCLING  REGIME 

Pokhyl  Yu.O.  Xototskava  V.A. 

Special  Research  &  Development  Bureau  for  Cryogenic  Technologies  of  Institute  for  Low 
Temperature  Physics  &  Engineering,  NAS  of  Ukraine  (SR&DB  ILTPE  NASU),  Kharkov,  Ukraine 


Elements  of  constructions  and  devices  intended  to 
be  employed  at  low-  temperature  thermocycling 
(LTTC),  are  subjected  to  thermocyclic  mechanical 
stresses  of  1st  and  2nd  type.  These  stresses  can 
result  in  change  of  material’s  structural  state  and 
hence,  in  alternation  of  compound  structural  - 
sensitive  physical  &  mechanical  properties 
thereof.  It  is,  therefore,  actually  important:  to 
study  the  effect  of  LTTC  on  mechanical 
properties  of  cryogenic-  application  materials,  as 
well  as  to  look  for  the  ways  for  maintaining  these 
characteristics  in  stability. 

The  present  report  provides  a  brief  review  of 
results  gained  originally  at  studies  implemented  at 
SR&DB  ILTPE  NASU  and  dedicated  to  study  of 
the  influence  of  LTTC  effect  on  mechanical 
properties  of  a  series  of  commercial  cryogenic 
materials,  such  as  stainless  steels,  titanium-  and 
aluminium-based  alloys. 

The  studies  have  been  carried  out  on  experimental 
set-up  (engineered  by  experts  of  SR&DB 
specifically  for  variable  temperature  thermo- 
cycling  of  materials),  in  a  wide  423  to  4.2K 
temperature-  range,  and  in  combination  with 
tensile-  loading  stresses  [1].  Choice  of  LTTC- 
regimes  and  loading  magnitudes  were  determined 
with  regard  to  the  would  be  application  field  of 
materials. 

Parameters  of  LTTC-  regimes  relate  to  the 
external  factors  which  are  acting  on  material’s 
structural-  state.  The  internal  factors,  which 
controle  the  mechanical  behavior  of  materials, 
are:  type  of  material’  s  crystal-  lattice,  initial 
structural  state,  thermal-physical  properties, 
material’  s  susceptibility  to  phase 
transformations,  stacking  fault  energy,  anisotropic 
characteristics  of  materials’  physical  & 
mechanical  properties,  as  well  as  actual  modes  of 
plastic  deformation:  slipping  or  twinning. 

It  has  been  found  [2]  that  with  steels,  the  degree 
of  metal-  phase  stability  is  a  definite  factor  that 
can  essentially  vary  the  character  of  mechanical 
characteristic  dependencies  (a0,2,  au,  6)  on 


quantity  of  thermal  cycles.  It  is  known  that  in 
dependence  on:  (i)  material’  s  stability  (such  as 
presence  of  cooling-induced  martensite  and /  or 
deformation-induced  martensite)  and  (ii) 
subsequent  test-  temperature,  either  hardening,  or 
softening  of  materials  can  occur. 

Structural  investigations  have  shown  [3],  that  the 
increasing  of  steels  yield  stress  a0,2  after  LTTC  is 

connected  with  crushing  of  initial  size  of  grain  d . 
Increasing  of  martensite  phases  density  during 
LTTC  (cooling  a-martensite  in  steel  03Crl8Ni8 
and  deformed  e-martensite  in  steel  Crl8NilOOi) 
is  the  cause  of  the  crushing.  The  Hardening  in  this 
case  is  described  by  the  equation  of  a  Hall  - 

Petch:  <j  =  cr 'j  +  K  ■  -Jd  .  The  parameters  (oj,  K) 

of  the  Hall  -  Petch  equation  are  determined  by 
power  of  boundaries  between  initial  FCC  y- 
austenite  and  formed  BCC  a-martensite,  or  HCP 
e-phase. 

Softening  of  Crl8NilOTi  steel  that  occurs  under 
low  temperature  deformation  at  77K,  is  related  to 
the  fact  that  beginning  of  plastic  flow  is  specified 
not  by  deformation  of  initial  austenite,  but  by 
supplementary  deformation  caused  (by  shear  way) 
by  nucleation  of  a-and  e-martensites,  under 
stresses  below  value  of  yeild-  stress  for  the  initial 
austenite  [4],  Under  influence  of  LTTC  and 
external  stresses,  a  large  quantity  of  stacking 
faults  are  originated  within  initial  austenite.  Then 
under  low  temperature  deformation  they  start  to 
act  as  multiple  sources  of  intensive  y=>e 
transformation.  Simultaneously  with  it,  the  e=>a 
transformation  occurs  in  the  sheets  of  e-  phase 
which  is  originated  during  thermocycling.  It 
should  be  noted  that  e=>a  transformation  also 
giving  contribution  (although  to  somewhat  lesser) 
to  make  the  exterior  stress  lowering.  The  increase 
of  transformation-  intensity  after  definite  amount 
of  thermal  cycles  (being  pre-  computed  for  a 
given  sort  of  steel  of  a  given  stability-  degree)  can 
explain  the  fact  of  ultimate  strength  decrease  for 
thermocyclic  samples.  The  more  is  the  quantity  of 
thermal  cycles,  -the  greater  is  amount  of  e-and  a- 
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martensites  bom  in  the  process  of  thermocycling, 
the  less  is  intensity  of  transformation  at 
subsequent  deformation,  the  more  inner  stresses 
are  accumulated  in  residual  austenite  and  the  less 
intensive  plastic  deformation  is  developed  in 
newly-  bom  and  comparatively  strongest  BCC  a  - 
martensite  .  All  these  processes  add  together  to 
hardening  the  thermo-  cycled  material. 

Thus,  by  regulating  the  intensity  of  either 
heardening  a-,  or  plasticizing  e-  martensites 
nucleation,  one  can  obtain  a  pre-  determined 
effect  of  hardening  and  /  or  plastification  for 
structurally-  unstable  steels.  This  effect  is  the 
basis  for  method  of  cryogenic  thermocyclic 
treatment  of  materials  (CTCT).  As  a  result  of 
CTCT-  technologies,  steel  with  simultaneously 
enhanced  strength-  and  plasticity-  parameters  can 
be  obtained. 

Influence  of  LTTC  on  mechanical  properties  of 
materials  can  be  essentially  liberated  by 
stabilization  of  metastable  materials  (with  FCC  or 
HCP  lattice):  either  through  change  of  chemical 
composition  (for  example,  of  03Crl8Nil0  steel 
with  0,14%  nitrogen,  and/  or  Cr-Ni-Mn  steel),  or 
due  to  thermo-mechanical  treatment  (of  pseudo-a 
alloy  19  (Ti-Al-Nb-Zr)  . 

At  the  same  time  however,  qualitative  and 
quantitative  evolution  of  structural  state  was 
found  within  structural  stable  materials  with  HCP 
lattice  (alloy  Ti-(3,5-5%)  Al)  being  subjected  to 
LTTC  regime:  300«77K  under  stress 
cr„  =  0,9cJq°2oa  .  Such  the  evolution  proves  to 

ensure  both  hardening  and  plasticating  effects  at 
4,2K  operational  temperature  simultaneously, 
after  N=300  cycles  [5]. 

With  HCP  a-alloy  PK-20  (system  Ti-Zr-Al), 
increase  of  macroscopic  mechanical  properties 
was  found  at  293K  -after  thermocycling  within 

total  N=200  cycles  under  <r  =  0,7<j™K  >n  the 

temperature  interval  310-77K,  whereby  maximum 
increase  was  registered  after  1 00  cycles.  It  should 
be  noted  that  such  a  behavior  is  not  yet  clear  to 
explorers  and  thus  requires  further  structural 
investigations. 

The  LTTC  tests  done  for  thermally  non-hardened 
pseudo-a-alloy  Ti-  (3,5-5)  Al-  (0,8-2)  Mn  system, 
fabricated  by  means  of  powder-  metallurgy  ,  with 
pressing  force  of  400  and  800  MPa,  [6]),  have 
shown  that  in  regard  to  alloy  produced  at 


400MPa,  the  LTTC  effect  results  in  somewhat 
decreased  strength  at  293K.  The  failure  is  of 
brittle  character.  However,  with  regard  to  alloy 
produced  at  800  MPa,  the  LTTC  process  has 
caused  practically  no  effect  on  material’  s 
mechanical  properties. 

In  this  case  the  presence,  size,  quantity  and 
unhomogenious  distribution  pores,  to  be 
determined  relative  density  of  a  material,  area  of 
contact  between  particles  are  structural  factors  to 
be  responded  to  mechanical  properties  of  alloy. 

The  LTTC  in  the  temperature  interval  77K-  423K 
under  loading  o  =  0,2tjy3K  does  not  practically 

influence  the  strength-  and  plasticity-  properties  of 
FCC  aluminium  alloy  AMg6,  while  the 
aluminium  alloy  01983T3  has  become  notably 
decreasing  at  its  mechanical  properties  after  100 
thermocycles.  This  latter  example  is  assumed  as  a 
fact  that  at  heating  alloy  to  the  ultimate  limit  of  a 
thermocycle  (423K),  an  effect  of  collective 
recrystalization  takes  place  within  the  alloy, 
which  is  followed  by  coagulation  of  second- 
phase  precipitation  along  grain-  boundaries.  These 
processes  result  in  decreased  energy  of 
microcracks-  nucleation  along  the  grain- 
boundaries  ,  and  are  manifested  macroscopically 
as  a  brittle  intergranular  alloy-  failure  at  77K. 

Thus  we  resume,  that  versatile  purposeful 
variation  of  the  structural  -  phase  states  in 
combination  with  LTTC  modes,  can  result  in 
obtaining  a  novel  material  with  pre-  planned 
complex  of  optimal  mechanical  properties. 
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NUMERICAL  ANALYSIS  OF  THE  X-RAY  DIFFRACTION  AND 
INVESTIGATION  OF  THE  ALUMINIUM  SINGLE  CRYSTALS 
SUBSTRUCTURE,  WHICH  WAS  FORMED  UNDER  THE  INFLUENCE  OF 
INTENSE  ULTRASONIC  VIBRATIONS 


Bazelyuk  G.Ya.,  Ryaboshapka  K.P.,  Skrypnyk  Yu.V. 

Kurdyumov  Institute  for  Metal  Physics,  National  Academy  of  Sciences  of  Ukraine,  Kyiv,  Ukraine 


A  dislocation  structure  formed  in  aluminium 
single  crystals  under  the  influence  of  intense 
ultrasonic  vibrations  (the  amplitude  of  the  relative 
deformation  amounted  to  ~5-10'4)  was 
investigated  by  the  method  of  the  double  mass 
spectrometry.  With  the  help  of  the  personal 
computer  and  developed  mathematical  procedure, 
the  analysis  of  the  azimuth  distribution  in  the 
intensity  of  scattered  X-rays  was  performed.  As  a 
result,  it  appeared  possible  to  represent  a  complex 
shape  of  separate  maxima  in  experimental  single- 


or  multiple-peak  double  reflection  curves  by  a 
series  of  peaks  that  are  described  by  simple  Gauss 
or  Lorentz  distribution  laws.  It  was  estimated  that 
the  complexity  of  the  one-peak  double  reflection 
curves  of  aluminium  single  crystals  at  the  initial 
state  (just  after  the  growth)  is  the  outcome  of  the 
superposition  of  simple  intensity  distributions  (of 
Gauss  or  Lorentz  type)  of  X-rays  scattered  by 
several  independently  reflecting  and  slightly 
misaligned  crystal  blocks,  contained  in  the 
diffracting  volume  of  the  metal  (see  Fig.  1 ). 
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Fig.  1  The  double  reflection  curve  of  the  aluminium  single  crystal  at  the  initial  state  (after  the  growth). 


It  was  shown  that  ultrasonic  irradiation  leads  to  an 
increase  in  the  misalignment  of  the  neighbouring 
crystal  blocks.  It  is  manifested  in  an  increase  of 


the  integral  width  and  in  the  developing  of  the 
multiple-peak  structure  in  the  double  reflection 
curves  (see  Fig.  2). 
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Fig.  2  The  double  reflection  curve  of  the  ultrasonically  irradiated  aluminium  single  crystal  with  the 
amplitude  of  the  relative  deformation  of  5-1  O'4  at  773  K 


These  effects  can  be  connected  with  an  increase  in 
the  dislocation  density  at  the  block  boundaries, 
where  the  scattering  of  the  acoustic  energy  is  the 
most  intense.  The  adopted  mathematical 
procedure  for  the  double  reflection  curves 


analysis  provides  an  opportunity  to  determine  the 
number  of  blocks  participating  in  the  diffraction 
of  the  X-rays  along  with  the  distribution  laws  for 
their  misalignments. 


489 


SECTION  D. 

STRUCTURE_AN^PROPERTIES  OF  MATERIALS  AND  COATINGS  FOR  OPERATION  IN  HAZARD  CONDITIONS 


THE  EFFECT  OF  PULSE  LASER  RADIATION  ON  THE  THICK  FILM 

RESISTORS  BASED  ON  Ni3B 


Paustovsky  A.V.,  Rud'  B.M.,  Shelud  ko  V.E..  Tel'nikov  E.Ya.,  Rogozinskaya  A.A. 

Frantsevich  Institute  for  Problems  of  Materials  Science  NAS  of  Ukraine,  Kiev,  Ukraine 


Of  the  new  compounds  which  have  found  the  use 
as  the  functional  phase  for  fabrication  of  the  thick 
film  resistors  (TFR)  used  in  microelectronics, 
metal  borides  hold  an  important  place.  It’s  due  to 
their  high  refractoriness,  chemical  stability  and 
possibility  of  producing  the  resistors  over  a  wide 
range  of  nominal  value  with  low  magnitude  of 
temperature  coefficient  of  electrical  resistance 
(TCR)  on  their  base. 


Presented  here  are  the  results  of  research  of  the 
phase  constitution,  electrical  resistance  and  the 
structure  of  ATjR-based  TFR  surface  under  the 
influence  of  the  laser  radiation  (LR). 

The  composition  on  the  base  of  NisB  powder  and 
glass-binder  was  adopted  as  the  object  for 


investigation.  The  dispersivity  was  5  pm.  The 
making  of  TFR  was  realized  with  the  method  of 
paste  mask  printing  on  the  dielectrical  22XC  or 
BK94  substrate  followed  by  the  heat  treatment  in 
the  travelling  FI3K-8  oven.  The  thickness  of  the 
resistor  film  made  up  5=35  pm.  The  samples  were 
processed  with  “KBaHT-15”  laser  in  “severe”  ( 
1.06pm,  t=4  ms,  E=  0.5-1. 5  J,  0S=  1  mm)  and 
“soft”  (with  the  application  of  attenuator  filter  and 
defocusing  to  1 .5  mm)  regimes.  The  X-ray  phase 
analysis  was  carried  out  with  X-ray  diffractometer 
/IPOH-3M  in  CuKa  -  filtrated  radiation.  Digital 
Instruments  Nanoscope  D3000  Atomic  Force 
Microscope  was  used  to  characterize  in  tapping 
mode  the  TFR  morphology.  The  electrical 
resistance  was  defined  by  means  of  UH— 302 
combined  digital  instrument.  In  order  to  estimate 
the  temperature  value  in  the  laser  focus  we  utilized 
well-known  analytical  expressions  [1].  Inasmuch 
the  radius  of  Gaussian  beam  is  more  than  the  film 
thickness  the  temperature  may  be  approximately 
calculate  on  the  assumption  that  layer  of  limited 
thickness  may  be  substituted  by  half-space: 

r.n  .  2 e*Wp  (at\°5 

7X0,0  = - t-MH  .  (1) 


and  when  employing  exact  solution  for  Gaussian 
source  under  the  assumption  of  half-space: 


T  (0,0,t) 


s*Wpr 

A*x05 


,  (2) 


where  e  =  1-  R  -  absorbent  ability;  R  -  reflection 
factor;  WP  -  density  of  radiation  power;  X  and  a  - 
thermal  conductivity  and  thermal  diffusivity 
respectively;  r  -  radius  of  laser  spot;  t  -  pulse 
duration. 

Fig.  1  depicts  the  optical  image  of  original  TFR 
film.  As  it  is  heat-treated,  the  burn-out  of  organic 
binder,  the  melting-down  of  glass-binder  and 
formation  of  the  globules  from  2-5  to  25  pm  in 
size  occur. 


10Fm 


Fig.  1.  The  optical  image  of  original  TFR  film 
Shown  in  Fig. 2  is  the  3D  —  image  of  surface 
section  (lxl  pm).  One  can  see  rather-ordered 
globular  structure  with  the  degree  of  roughness  Rz 
=  2.97  nm.  The  outcomes  of  the  cross-section 
analysis  of  this  surface  demonstrate  that  the  value 
of  RMS  (root  means  square)  is  0.992  nm.  Between 
the  globules  one  can  see  the  hollows  from  0.05  to 
5.96  nm  in  depth. 

After  irradiating  with  the  energy  E  =  0.5  J  the 
burning-off  of  the  globules  takes  place.  In  this  case 
the  conglomerates  of  larger  size  form  (from  200  to 
350  pm).  The  surface  roughness  increases  to  Rz  = 
68.84  nm.  After  irradiating  with  the  energy  E  =  1- 
1.5  J  the  further  burning-off  of  TFR  surface  is 
observed.  The  degree  of  roughness  is  different  (Rz 
=  46.95  -  70.25  nm).  On  some  surface  section  the 
“scaled”  structure  is  formed  (  Fig.  3  ,4  ). 
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Upptn*  nm 
So*n  size  1.000  y* 

Setpoint  0.9807  U 

Seen  rate  2.001  Hz 

Kuitbsr  of  sanples  2S6 


2  50.000  ne/diw 


gOnid.034 

Fig.  2.  3D  -  image  of  TFR  surface  (lxl  jam) 
before  irradiating 


Fig.  3.  The  optical  image  of  the  TFR  surface  after 
radiating  with  E  =  1  J 


The  data  on  X-ray  phase  analysis  show  that  in 
TFR  the  following  change  of  the  phase  constitution 
occurs  under  the  action  of  LR.  In  the  initial  film 
the  appearance  of  metallic  nickel  that  combines  at 
the  stage  of  heat  treatment  is  noted.  After  radiating 
(E  =  0.5  J)  the  intensity  of  metallic  nickel  spectral 
line  decreases.  The  spectral  lines  of  the  solid 
solution  NiAl2Oj,  silicide  nickel  -  NisSi  appear  in 
addition  to  intensive  lines  of  a-Ah03.  When 
increasing  the  energy  to  1-1.5  J  the  phase  of 
NiA l jO 4  vanishes  and  nickel,  a-Ah03,  Ni3Si  phases 
remain. 

The  magnitude  of  the  electrical  resistance  are 
determined  by  the  change  of  the  surface  topology 
and  the  phase  constitution  of  the  film.  In  the 
regime  of  “severe”  radiation  (for  0s  =  1  rnm)  the 


electrical  resistance  changes  in  the  range  from  1 .4 
-2.5  Ohm  to  120  MOhm  (initial  value  —  0.14-0.16 
Ohm).  In  the  “soft”  regime  (0S  =  1  mm)  the 
electrical  resistance  changes  from  0.18  to  0.34 
Ohm  (initial  value  —  0.12-0.21  Ohm).  When 
defocusing  to  0=1.5  mm  the  electrical  resistance 
changes:  from  0.5  —1.8  Ohm  to  120  MOhm  (Rini  = 
0.14  -  0.2  Ohm)  in  “severe”  regime  and  in  “soft” 
one  —  0.19  -  0.25  Ohm  (Rini  =  0.14  -  0.1 8  Ohm). 


Section  Analysis 


V 


..V. 


1c 

lei 

Us 

Hat  CM 
HadivS 
Si;?*** 


420. S3  w 
9C 

17.732  a* 
70.  259  on  . 
70.259  w 
2 

tm 

13.7 n  »* 


Swr#w  .tistw-cs 

Hwiz 

Use-1 

ftrwrl*' 

Mm  ■  •*< 

Wn  i  •/  .1 :  -.t  *i>  <:*- 


Uw-i 


flwfl " 

StuHT***  4i*t**ee* 
Hnrlt  4)*t«*re 
Usrt 
UnvU 

Speetr*!  parted 
Spsetr'*!  Tram 
Spectral .  *HS  *m 


533. *2  n* 
423.6®  w 
18S  .C8  r>*< 

23.079  <4*d 


0  Has 

0  W2  tm 


Fig.4  The  cross-section  analysis  of  the  TFR 
surface  after  radiating  with  E  =  1  J 
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STRUCTURE  AND  PHASE  STATE  OF  SPARK  COATINGS 
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The  choice  of  alloyed  electrodes  composition  and 
optimal  regimes  of  spark  treatment  (ST)  can  be 
realized  on  base  of  utilization  of  fundamental 
regularities  of  phase-structural  and  stress  state 
formation  in  electrode  and  surface  materials.  In 
this  investigation  a  phase  content  and  residual 
stress  distribution  are  determined  in  hard-alloy 
spark  coatings  on  steel  surface. 

Spark  treatment  carry  out  on  "Elitron"  equipment 
in  air  medium  with  regimes:  current  0, 5-2,8  A, 
treatment  time  1-5  min.  The  base  surface  is 
carbon  steel  Y8.  The  alloyed  electrode  is  hard 
alloy  T15K6  on  tungsten  carbide  base.  Phase 
analysis  and  determination  of  residual  stresses 
(RS)  carried  out  by  X-ray  method  on  the  same 
specimens.  X-ray  investigations  were  carried  out 
on  "DRON-3"  X-ray  unit  with  utilization  of  cobalt 
or  molibdenum  anode  radiation.  RS  were 

determined  by  non-destruction  sin^y  X-ray 
method.  Laser  treatment  was  carried  out  on 
"QUANT-1 8M"  equipment  in  air  atmosphere  with 
8  ms  pulse  duration.  The  laser  radiation  energy 
was  increased  consecutive  on  2  to  20  J  to  avoid 
melting  regime.  The  surface  of  specimen  was 
treated  by  reciprocal  overlapping  of  laser  spots 
(20-25%). 

X-ray  investigations  of  surface  after  spark 
treatment  of  Y8  steel  showed  that  the  exist 
sufficient  difference  between  the  phase  content  of 
T15K6  electrode  and  coating  material.  In  coating 
structure  not  discovered  diffraction  reflexes  of 
base  structure  component-tungsten  carbide  WC. 
Also  not  discovered  diffraction  reflexes  of  Co 
plastic  addition.  It  is  observed  reflexes  of  TiC 
carbide,  W2C  carbide  hexagonal  lattice  and  clean 
tungsten  volume-central  cube  lattice.  This  phases 
are  products  of  initial  WC  carbide  dissociation. 
Parameter  of  TiC  carbide  lattice  is  decreased  in 
the  coating.  This  connected  with  TiC  partial 
dissociation,  carbon  loss  and  nitrogen  substitution 
of  carbon  in  near-electrode  space.  This  connected 
with  small  TiN  formation  energy  in  contrast  with 
TiC.  The  austenite  thin  layer  was  formed  in 
surface  layer  of  Y8  steel  on  all  treatment  regimes. 
The  carbon  concentration  in  austenite  is  equal 


(1,2-2)  weight  %  by  determination  of  lattice 
parameter  magnitude. 

For  heterophase  coatings  it  is  advisable  to 
determine  RS  in  each  phase  component.  It  is 
connected  with  significant  difference  in  thermal 
properties,  elastic  modulus,  thermal  broadening 
coefficients  and  structural  transformation  volume 
effects.  Such  selective  measurements  in  different 
phases  can  be  made  X-ray  method  only.  The 
Davidenkov  method  made  middle  RS  values  in  all 
the  volume  of  coating.  This  method  is  not  correct 
to  investigation  of  separate  heterophase 
components.  Coating  material  have  complicate 
structure-stress  state.  In  TiC  carbide  were  formed 
tension  stresses  up  to  150  MPa.  However,  in 
phases  W  and  W2C  were  determined  pressure 
residual  stresses  with  110  and  200  MPa 
magnitude  accordingly.  Both  tensile  and  pressure 
residual  stresses  have  maximum  magnitude  on 
surface  of  coating.  Magnitude  of  residual  stresses 
decrease  sufficiently  on  5-8  pm  depth. 

Austenite  streak  do  not  have  RS  independently 
with  its  thickness  and  carbon  content.  Stress 
relaxation  in  austenite  phase  it  is  connected  with 
decreasing  of  specific  volume  by  a-y 
transformation.  This  discovered  phenomenon  can 
be  useful  because  such  thin  layer  leads  to 
decreasing  of  residual  stresses  on  coating-base 
boundary.  This  residual  stresses  leads  to 
decreasing  coating  material  adhesion  and 
limitation  of  deposited  material  thickness. 
Residual  stresses  with  more  magnitude  are  formed 
in  boundary  with  base  on  intensive  spark 
treatment.  However,  austenite  layer  relaxation 
ability  were  increased  simultaneously  with  RS 
growth.  This  phenomenon  is  connected  with 
austenite  layer  depth  growth  and  increasing  of  a-y 
transformation  volume  effect  under  increasing  of 
carbon  content.  Dependence  of  y-a  carbon  steel 
transformation  volume  effect  can  be  explained  by 
such  expression:  (AV/V)y_a=2,5+l,08p  .  Where  p 

is  carbon  content  in  weight  per  cents.  This 
expression  can  be  characterize  also  stress 
relaxation  degree  by  austenite  streak  on  increasing 
of  carbon  content  in  this  streak.  Besides  that 
plastic  austenite  streak  can  be  play  buffer  role 
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between  the  base  and  fragile  coating  components 
in  conditions  of  micro-stroke  mechanical  loading 
in  wear-resistance  coating  details  exploitation 
process. 

Sufficient  stress  relaxation  in  all  phase  contents 
begin  by  laser  pulse  treatment  with  0,3J/mm2 
energy  density.  RS  were  practical  completely 
relaxed  on  near-melting  area.  Spark  coating  phase 
content  was  maintained  completely.  Austenite 
streak  was  relaxed  on  process  of  laser  treatment. 


More  intensive  heating  brings  to  melting  of  spark 
coating  and  surface  alloyed  layer  with  convective 
mixing  of  components  and  practically  new  alloyed 
layer  formation. 

The  coating  phase  components  dislocation  density 
was  calculated  on  data  of  X-ray  reflexes  half¬ 
width.  Dislocation  density  is  equal  (1,7-3)10‘*0 
cm"2.  Laser  melting  increase  dislocation  density 
up  to  610^  sm‘2. 
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Ultrasound  dimensional  treatment  is  perspective 
method  for  production  of  prototypes  and  small 
specimen  series  of  glass,  graphite,  ferrite, 
ceramics,  poly-  and  single  crystal  diamonds,  high 
strength  and  construction  ceramics.  High- 
precision  details  of  this  materials  find  wide  sphere 
of  application:  rigging  elements,  punches,  draw 
plates,  instrument,  plungers,  fuel  equipment, 
bearings  and  other  motor  details;  details  of  optical 
systems,  pumps  and  high-pressure  equipment; 
details  for  watch,  electronic  and  microfabrication 
industries;  details  and  groups  which  operate  on 
high  temperature,  corrosive  surrounding,  high 
loading  and  abrasive. 

Efficiency  of  ultrasound  treatment  depends  on 
concentrators  work  part  wear-resistance.  These 
concentrators  are  operatete  on  hydro-abrasive 
conditions. 

This  type  of  destruction  correlates  in  complex 
form  with  physic-mechanical  and  strength 
characteristics  of  concentrators  alloys. 

Wear-resistance  of  steel,  hard-alloy  and 
concentrators  of  other  materials  do  not  allow  to 
determine  the  mechanical  characteristics,  which 
correlate  with  destruction  magnitude. 


The  theory  of  fragile  destruction  mechanics, 
which  proposed  by  Kolesnicov  and  Cherepanov 
allow  to  tie  together  influence  of  some  structure 
parameters  on  wear-resistance;  nano-dimension  of 
matrix  phase  grain,  presence  and  dispersion  of 
strengthen  hard  phase. 

Wear-resistance  of  materials  under  the  conditions 
of  hydro-abrasive  medium  increases: 

a)  with  decreasing  of  matrix  phase  grain 
dimension; 

b)  with  decreasing  of  non-deformation  phase 
content  in  structure; 

c)  with  decreasing  of  elastic  module; 

In  order  to  have  full  picture  of  destruction 
mechanism  we  have  studied  the  regularities  and 
features  of  different  materials  concentrators 
destruction.  This  allowed  to  study  the  structure 
and  properties  of  alloys  for  operation  in  hydro¬ 
abrasive  wear  conditions. 

As  a  result  of  the  investigation  the  new  materials 
on  nickel  base  for  ultrasound  treatment 
concentrators  with  high  operation  characteristics 
are  worked  out. 
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The  existing  dependence  of  the 
characteristics  of  friction  on  a  crystal  lattice  gives 
the  basis  to  assume,  that  nitrides  with  HCP  lattice 
have  more  wear  resistance,  than  metals  with  FCC- 
and  BCC-latttce.  The  adhesion  activity  of  nitrides, 
makes  contribution  to  wear  resistances  level  its 
minimum  is  of  characteristic  Cr  nitrides.  This 
explains  a  minimum  level  of  coupling  of  Cr 
nitrides  with  steel  and  other  metals  in  comparison 
with  others  nitrides. 

The  work  purpose  is  research  of  the 
structure,  phase  composition,  properties  and 
serviceability  of  composite  coatings  on  the  basis 
of  nitrides  CrN  and  TiN  in  conditions  of  high 
temperatures  and  contact  loadings. 

The  coating  was  obtained  by  the  ion-plasma 
sprayinig  of  Cr  and  Ti  in  nitrogen  environment. 
The  ratio  of  thickness  of  multiple  coatings  was 
chosen  as  4: 1  at  thickness  of  a  layer  of  nitride  CrN 
0.4  microns. 

Serviceability  of  the  given  coatings  was 
compared  with  that  of  gas-thermal  and  galvanic 
coatings  from  the  chromium-based  alloys. 

The  research  of  structure  of  multiple 
coatings  of  nitrides  CrN  +  TiN  has  shown,  that  the 
technology  allows  to  ensure  the  chosen  ratio  of 
thicknesses.  X-ray  structure  analysis  of  the  given 
coatings  has  revealed  a  phase  of  nitrides  CrN  and 
firm  solution  (TiCr)  N.  Chromium  is  distributed 
rather  uniformly  on  layers,  and  titanium  has  the 
precisely  expressed  concentration  dependence. 
The  peak  minimum  of  titanium  is  on  a  layer  of 
nitride  CrN,  and  maximum  -  on  nitride  TiN. 

It  is  known,  that  the  increase  of  quantity  of 
phase  boundaries  results  in  the  increase  of 
hardness  in  layered  composite  coatings,  feat  is 
confirmed  by  research  of  fee  characteristics  fee  of 
microhardness  of  multiple  coatings  in  nitrides 
CrN  +  TiN.  For  a  two-layer  coating  fee  hardness 
is  at  fee  level  of  16-19  GPa,  for  four-layer  coating 
-  18-21  GPa,  and  for  twenty-four-layer  one  it 
reaches  fee  level  of  26-29  GPa. 

Multiple  coatings  of  nitrides  CrN  +  TiN  are 
characterized  by  high  stability  of  structure  and,  as 
a  consequence,  of  operational  properties  in  the 
temperatures  range  up  to  1300  K  (Tables  1). 


Tables  1.  Researches  of  influence  of 
annealing  temperature  on  microhardness  of 


Material 

Nit. 

comp 

comp. 

Annealing  temperature, 
K 

1000 

1100 

1200 

1300 

CrN 

15,0 

15,0 

13,0 

12,0 

n,o 

CrN+TiN 

21,0 

20,0 

20,0 

18,0 

16,0 

The  hardness  of  coverings  is  reduced  from 
21  up  to  16  ITIa  after  1  hour  annealing  at 
temperature  1300  K.  Similar  dependence  is 
characteristic  and  for  coatings  from  fee 
chromium-base  alloys.  The  stability  of  fee 
characteristics  composition  coatings  of  nitrides 
CrN  +  TiN  is  confirmed  wife  fee  given 
dependences  of  changes  of  force  of  friction  cm 
temperature  of  tests  of  coatings  from  fee 
chromium-base  alloys  (Fig.  1). 
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Fig.  1  Dependence  of  force  of  friction  on 
temperature  of  tests  and  method  of  production  of 
coatings.  1.  -  coatings  from  fee  chromium-based 
alloys;  2  -  ion-plasma  coatings  of  nitrides  CrN;  3  - 
multiple  coatings  of  nitrides  CrN  +  TiN 

The  obtained  data  show,  feat  alloys  fee 
insignificant  decrease  of  frictional  forces  wife 
temperature  is  characteristic  of  coatings  from  the 
chromium-based,  and  fee  considerable  decrease  of 
frictional  forces  (more  than  twice)  is  marked  for 
multiple  coatings  of  nitrides  CrN  +  TiN. 
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The  research  of  coatings  after  friction  has 
revealed,  that  the  absence  of  appreciable 
superficial  hardening  and  saturation  by  oxygen 
concerns  to  features  composition  coatings  of 
nitrides  CrN.  The  sharp  increase  of  the  contents  of 
oxygen  in  a  superficial  layer  of  friction  with  6-8 
till  20-24  of  %  on  weight  and  of  hardness  with  4-5 
till  8-10  GPa  is  characteristic  for  a  coatings  from 
the  chromium-base  alloys.  Composition  coatings 
of  nitrides  CrN  +  TiN  die  stability  both  contents 
of  oxygen,  and  level  of  microhardness  is 
characteristic.  It  is  in  most  cases  marked 
insignificant  (with  17  up  to  14  GPa)  decrease  of 
hardness  at  the  expense  of  formation  of  a  thin 
superficial  film  of  a  material  rider  (iron)  on  a 
surface  coatings  of  nitride  CrN. 

The  conclusion  is  made,  that  for 
composition  coatings  of  nitride  CrN  mechanisms 
of  structural  changes,  mass  transfer  and  the 
oxidations  of  superficial  layers  bring  in  the 
insignificant  contribution  in  wear  resistance  of  a 
material. 

The  research  of  influence  of  temperature  and 
technology  of  drawing  on  time  of  stabilization  of 
force  of  friction  of  coatings  from  the  chromium- 
base  alloys  coincides  in  due  course  formations  of 
secondary  structures  cm  a  surface  of  friction. 

hi  work  the  research  of  hardness 
composition  coatings  of  nitrides  CrN  +  TiN  with 
the  help  of  automatic  record  of  the  diagram  of 
depth  of  cave-in  diamond  indenters  is  carried  out 
at  small  loadings.  It  has  allowed  to  receive  the 
additional  data.  Except  for  importance  of  common 
hardness,  the  application  of  small  loadings 
enables  to  estimate  hardness  of  separate  layers 
composition  coatings.  The  estimation  of  the 


elastic  and  plastic  characteristics  of  a  material  by 
a  method  of  account  of  the  cave-in,  given 
common  depth,  and  depth  of  introduction 
indentors  after  removal  of  loading  is  carried 
simultaneously  spent. 

The  estimation  of  influence  of  various 
modes  of  friction  and  temperature  on  the  service 
characteristics  of  various  coatings  from  the 
chromium-base  alloys  is  carried  spent.  Is  shown, 
that  irrespective  of  conditions  of  friction  for 
composition  coatings  of  nitrides  CrN  +  TiN 
higher  parameters  wear  resistence  and  corrosion 
stability  are  characteristic.  So,  in  conditions  of 
boundary  friction  at  loading  10  MPa,  speeds  of 
sliding  14  m/s,  temperature  of  tests  473  K  and  way 
of  500  kms  friction  of  deterioration  composition 
coatings  of  nitrides  CrN  +  TiN  has  made  1  micron 
and  rider  (pig-iron)  -  4  microns.  For  chromium 
galvanic  coatings  in  similar  conditions  of 
deterioration  has  made  8  and  9  microns 
accordingly. 

The  conclusions  about  the  contribution  of 
an  elastic  and  plastic  component  on  wear 
resistance  of  coatings  from  the  chromium-base 
alloys  are  made. 
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STUDY  OF  THERMAL  REGIMES  OF  RE-ENTRY  SPACE  VEHICLES 
USING  CRYSTAL  INDICATORS  OF  MAXIMAL  TEMPERATURE 

Timoshenko  V.P. 
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The  problems  of  thermal  regimes  measurement  for 
re-entry  space  vehicles  are  related  to  most 
complicated  due  to  necessity  of  large  number 
temperature  sensors  installation,  weight  and  layout 
limitations  on  cable  lines  and  telemetry 
equipment.  As  a  rule  even  at  stages  of 
experimental  development  of  new  space  vehicles  it 
is  necessary  to  limit  installation  of  temperature 
measurement  means  by  the.  rather  small  amount 
due  to  mentioned  technical  difficulties. 

One  of  the  way  to  increase  information  volume 
about  a  thermal  condition  of  hot  structures  and 
thermal  protection  of  re-entry  vehicles  is  applying 
indicators  of  maximum  temperatures.  Each 
indicator  of  such  type  allows  estimate  only  one 
value  of  maximal  temperature  reached  for  all 
flight  time.  But  it  is  not  require  any  cables  and 
measurement  electronic  equipment  onboard  a 
descent  vehicle. 

Most  widely  used  indicators  of  maximum 
temperatures  are  thermal  paints.  However  they  are 
not  resistive  to  mechanical  loads  as  well  as  to 
moisture  action  especially  at  landing  of  vehicle  on 
water  surface.  For  estimation  of  maximum 
temperature  in  a  given  point  of  a  surface  it  is 
necessary  to  apply  several  types  of  thermal  paints. 
And  the  accuracy  of  measurements  essentially 
depends  on  number  of  used  paints  and  size  of 
labels  that  can  be  plotted  in  an  investigated  zone  in 
view  of  real  temperature  gradients  influence. 
Similar  lacks  have  melting  plugs  from  special 
alloys  sometimes  also  used  as  indicators  of 
maximal  temperatures. 

One  of  rather  new  means  for  temperature  levels 
registration  are  the  crystal  indicators  of  maximal 
temperatures  (CIMT).  They  have  good  accuracy, 
small  dimensions,  high  resistance  to  environment 
actions  and  provide  a  capability  of  maximum 
temperature  evaluation  in  rather  wide  range  by 
only  one  sensor. 


The  method  of  maximum  temperature  evaluation 
is  based  on  X-ray  analysis  of  atomic  crystal  lattice 
parameters  for  indicating  material  which  vary 
depending  on  a  level  of  temperature  and  time  of 
heating. 

As  such  indicating  material  the  crystals  of  silicon 
carbide  or  technical  diamond  are  usually  used 
which  were  undergo  previously  to  irradiation  by 
neutrons.  Under  the  action  of  irradiation  some 
defects  of  crystal  lattice  are  formed  as  a  result  of 
atoms  displacement  concerning  their  starting 
positions.  Thus  there  is  some  extension  (on  3-4  %) 
of  crystal  lattice  which  can  be  measured  with 
accuracy  by  methods  of  the  X-ray  analysis. 

After  neutron  irradiation  the  crystals  of  silicon 
carbide  have  no  residual  radioactivity  therefore  it 
is  not  required  applying  or  any  measures  of  a 
radiation  safety. 

During  measurement  process  under  the  action  of 
high  temperatures  (more  100°C)  in  crystals  occurs 
so-called  annealing  of  defects  -  atoms  step-by-step 
return  to  places  of  their  steady  positions  in  nodes 
of  crystal  lattice.  This  process  occurs  the  faster 
than  temperature  is  higher  and  than  longer  time  of 
heating.  As  a  result  there  is  a  gradual  recovery  of 
crystal  lattice  that  is  removal  of  the  extension 
induced  by  irradiation. 

The  quantitative  analysis  of  a  degree  of  recovery 
of  crystal  lattice  of  the  indicator  is  carried  out 
using  X-ray  diffraction  methods  by  comparison 
diffraction  angles  of  X-radiation  on  atoms  of 
indicating  material  before  and  after  heating. 

For  evaluation  of  maximum  temperature  values  it 
is  necessary  to  know  a  history  of  heating.  In 
particular  if  the  heating  takes  place  at  constant 
temperature  it  is  necessary  to  know  only  time  of 
heating.  If  temperature  in  measuring  point  varies 
during  experiment  for  definition  of  maximum 
temperature  value  it  is  necessary  to  know  at  least 
in  a  dimensionless  form  dependence  of  a 
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temperature  variation  with  real  time  of 
experiment.  On  the  one  hand  it  is  definite 
limitation  of  a  method  however  in  many  cases 
dependence  of  temperature  variation  with  time  is 
known  or  can  be  more  or  less  precisely  obtained 
by  a  computational  way. 

The  design  arrangement  of  CIMT  depends  on  area 
of  their  applying.  Crystal  element  by  itself  has 
relatively  small  size  (about  0.3  mm)  and  can  be 
easily  lost.  Therefore  for  convenience  of  handling 
it  is  often  installed  in  metallic  or  ceramic 
container. 

The  technical  parameters  of  CIMT  on  the  basis  of 
SiC  are  characterized  by  the  following  data: 

-  measured  temperature  range  is  from  150°C  to 
1450°C, 

-  time  interval  of  the  measured  temperatures  action 
is  from  30  seconds  to  about  10  days, 

-  measurement  error  in  all  temperature  range  is  5- 
20°C,  (less  for  constant  temperature  levels  and 
more  for  complex  non-steady  thermal  modes). 

The  applying  CIMT  is  specially  justified  for  such 
objects  where  the  usual  thermocouples  or  can  not 
be  applied  in  general  or  can  be  installed  only  in 
rather  restricted  number. 

In  aerospace  engineering  CIMT  for  the  first  time 
were  widely  used  for  estimation  of  external  heat 
loads  on  heat  protection  at  flight  tests  of 
experimental  space  vehicles  BOR-4  and  BOR-5. 
Later  obtained  experimental  information 
successfully  was  used  at  designing  and  flight  tests 
of  the  orbital  spacecraft  BURAN. 

Now  CIMT  are  successfully  applied  both  at  bench 
and  at  flight  tests  of  materials  and  structural 
elements  of  various  space  vehicles. 

On  the  Fig.  1  the  exterior  CIMT  sensitive  element 
is  presented  and  also  shown  a  fragment  of 
Carbon-Carbon  sample  with  three  CIMT,  glued  on 
its  external  surface.  This  sample  was  used  for 
research  of  catalycity  in  conditions  of  a  high 
frequency  plasmatron. 

On  the  Fig.2  is  shown  general  view  of  a  descent 
vehicle  FREGAT  and  Carbon-Carbon  panel  of  the 
FOTON  capsule  at  which  CIMT  were  used  for 
measurement  of  thermal  regimes  during  re-entry 
flight  in  the  Earth  atmosphere. 


Fig.l  CIMT  and  its  installation  on  C-C  structure 


Fregat  Foton 

Fig.2  Application  of  CIMT  for  temperature 
measurements  in  TPS  of  re-entry  capsules 
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WETTING  OF  TiC  BY  NON-REACTIVE  LIQUID  METALS 
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Over  the  past  years,  the  wetting  behaviour  of  TiC 
by  non-reactive  metals  has  been  the  subject  of 
several  investigations.  The  purpose  of  the  present 
study  was  to  relate  the  wetting  of  titanium  carbide 
by  non-reactive  metals  (Ag,  Au,  Cu,  Sn)  to  the 
thermodynamic  properties  of  these  metal-ceramic 
systems. 

The  interaction  on  the  metal-ceramic  interface 
depends  on  the  thermodynamic  stability  of  the 
ceramic  phase  and  on  the  thermodynamic 
properties  of  the  liquid  metallic  solutions.  The 
non-reactive  metals,  investigated  in  the  present 
study,  do  not  form  a  carbide  phase  and  the 
solubility  limits  of  carbon  are  very  low.  Thus,  if 
some  titanium  carbide  dissolves  in  a  liquid  metal, 
it  leads  to  titanium  transfer  to  the  melt  and 
graphite  precipitation  at  the  interface,  according  to 
reaction  TiC  =  [Ti]  +  C  (gr).  The  amount  of 
precipitated  graphite  depends  on  the  amount  of 
titanium  that  is  transferred  into  the  melt  and  is 
related  to  the  equilibrium  titanium  concentration 
in  the  molten  solutions  in  contact  with  the  carbide 
phase.  The  equilibrium  titanium  concentration 
depends  on  the  thermodynamic  properties  of  the 
liquid  metallic  solutions  and,  in  particular,  on  the 
activity  of  titanium. 

The  Au-Ti,  Sn-Ti  and  Cu-Ti  solutions  exhibit  a 
negative  departure  from  ideal  behaviour,  while  the 
Ag-Ti  solution  displays  a  strong  positive 
departure.  Thus,  the  driving  force  for  TiC 
dissolution  in  the  liquid  metals  increases  from  the 
Ag-Ti  to  the  Au-Ti  system.  The  TiC/Ag  system 
may  be  considered  as  being  completely  non¬ 
reactive.  The  large  negative  departure  of  the  Au- 
Ti  system  from  ideal  behaviour  should  lead  to 
enhanced  titanium  transfer  from  the  carbide  phase 
to  liquid  Au.  The  contact  angle  is  a  measure  of  the 
chemical  interaction  that  takes  place  between  the 
liquid  and  the  substrate  and  therefore,  a  relatively 
low  contact  angle  was  expected  for  Au(Ti)  alloys. 

The  effect  of  the  carbon  content  of  the  carbide 
phase  on  the  wetting  behavior  may  also  be  related 
to  titanium  transfer  through  the  metal-ceramic 
interface.  The  decreasing  carbon  content  in  the 
carbide  phase  leads  to  increased  titanium  activity 


and  to  enhanced  titanium  transfer  into  the  metallic 
(liquid)  phase.  The  equilibrium  titanium  content 
in  the  metal  solution,  which  is  in  a  contact  with 
sub-stoichiometric  titanium  carbide,  was 
estimated.  The  decrease  of  the  carbon  content  in 
the  carbide  phase  leads  to  a  remarkable  increase 
of  the  titanium  content  in  the  liquid  metals. 

Wetting  experiments  were  performed  using  the 
sessile  drop  technique  in  a  vacuum  furnace  (10'3 
Pa)  at  1 150°C  for  all  alloys. 

The  initial  contact  angle  for  all  the  lb  metals  was 
of  the  order  of  120°-to-130°  and  105°  for  Sn.  The 
initial  contact  angle  did  not  change  in  the  TiC/Ag 
and  TiC/Au  systems  that  exhibit  a  strong  non¬ 
wetting  behavior.  The  contact  angle  in  the  TiC/Cu 
and  TiC/Sn  systems  decreased  to  slightly  below 
90°.  The  non-wetting  to  wetting  transition  that 
occurs  in  the  TiC/Sn  and  TiC/Cu  systems  may  be 
attributed  to  the  partial  dissolution  of  titanium 
carbide  in  the  molten  metals. 

The  actual  contact  angle  in  TiC/Au  system  is 
surprisingly  high  and  is  accounted  for  by  the 
transformation  of  carbidic  carbon  on  the  TiC 
surface  into  graphite.  This  result  was  confirmed 
by  investigation  of  two  Au-Ni  alloys  (3.7  at%  and 
7.5  at%  Ni)  and  two  Au-Fe  alloys  (7.1  and  15.8 
at%Fe)  on  a  TiC  substrate. 

The  direct  addition  of  titanium  to  the  liquid  metals 
as  well  as  decreasing  of  the  carbon  content  in  the 
ceramic  phase  improves  significantly  the  wetting 
of  the  TiC  substrate  by  the  non-reactive  metals. 
However,  the  actual  contact  angles  in  TiC/Au 
system  were  surprisingly  high.  This  inconsistency 
with  the  thermodynamic  predictions  can  be 
accounted  for  by  the  analysis  of  the  isothermal 
sections  of  the  ternary  phase  diagrams.  Two 
schematic  isothermal  sections  are  shown  in  Fig.  1. 
One  section  (thin  lines)  corresponds  to  a  system, 
in  which  the  metallic  liquid  solution  is 
characterized  by  a  moderate  departure  from  ideal 
behavior,  e.g.,  the  Cu-Ti  system. 
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Fig.  1 .  The  schematic  view  of  the  1 400K 
isothermal  section  of  the  ternary  phase  diagram. 

Point  O,  corresponds  to  three-phase  equilibrium 
and  is  located  at  relatively  low  titanium  content  in 
the  metallic  melt.  The  second  isothermal  section 
(thick  curves)  describes  a  system  in  which  a  very 
strong  departure  in  the  liquid  metal 

It  is  apparent  from  Fig.l  that  line  (2)  that  links  the 
Me  comer  with  the  point  corresponding  the 
titanium  carbide  that  has  a  moderate  departure 
from  stoichiometry  does  not  cross  the  graphite 
containing  regions  in  TiC/Cu-like  systems.  This 
line,  however,  does  cross  the  graphite-containing 
region  for  systems  in  which  the  titanium  activity 
in  the  metallic  solution  is  low.  In  that  case,  the 
interaction  between  the  ceramic  and  the  metal 
phases  leads  to  graphite  formation  at  the  interface. 
If  the  departure  from  carbide  stoichiometry  is 
strong  enough,  line  (1)  crosses  only  the  two-phase 
region  (liquid  metal  and  TiCx)  and  no  graphite 
formation  is  expected.  Thus,  the  relatively  high 
contact  angle  in  the  TiC/Au  system  may  be 
attributed  to  the  formation  of  a  graphite  interlayer 
at  the  metal-ceramic  interface.  Hence,  if  the  C/Ti 
ratio  is  low  enough  (x<0.6),  all  non-reactive 
metals  wet  the  carbide  substrate. 

Even  though  this  study  proves  the  preponderant 
role  played  by  the  presence  of  Ti  in  the  molten 
metal  in  determining  of  wetting  behaviour,  the 
exact  mechanism  by  which  Ti  affects  wetting  is 
not  yet  resolved.  In  particular,  it  has  not  yet  been 
settled  whether  it  is  the  formation  of  a  sub- 
stoichiometric,  near-surface  TiCx  layer  with  a 
marked  metal-like  electronic  structure  or  an 
enhanced  chemical  interaction  at  the  substrate- 
molten  metal  interface  that  determines  the  wetting 
behaviour. 


The  results  of  the  wetting  experiments  were 
confirmed  by  joining  of  TiC  plate  with  plain 
carbon  steel  1080.  Altering  of  near-surface  layer 
of  a  stoichiometric  titanium  carbide  by  a  heat 
treating  under  hydrogen  atmosphere  at  850K  was 
sufficient  to  allow  joining  the  ceramic  to  the  steel 
by  Ag-Cu  alloy  at  780°C. 


Fig.2.  The  microstructure  of  the  joint  between 
TiC  and  1080  steel. 

Transfer  of  Ti  from  a  thin  layer  of  sub- 
stoichiometric  carbide  and  of  Fe  from  the  steel  to 
the  braze  take  place  in  the  course  of  the  joining 
process.  Adequate  bonding  of  TiC  to  steel  with  a 
filler  layer  thickness  of  about  50jim  was  observed 
(Fig.2). 
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STOICHIOMETRY  IN  TiCx 
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Titanium  monocarbide  has  a  NaCl  structure  that 
consists  of  two  interpenetrating,  Ti  and  C,  fee 
sublattices.  At  equiatomic  composition,  each  Ti 
atom  is  surrounded  by  six  carbon  nearest 
neighbors,  located  at  0.216  nm,  and  twelve  Ti 
nearest  neighbors  distanced  at  0.306  nm.  Titanium 
carbide  is  stable  over  a  range  of  x  =  C/Ti  ratios, 
that  extends  from  0.5  to  close  to  1.  At  sub- 
stoichiometric  compositions  in  TiCx  (  x  <  1), 
some  of  the  carbon  sites  are  unoccupied  and  at  the 
lowest  x  ratio,  50%  of  the  carbon  sites  are  empty. 
The  structure  and  properties  of  non-stoichiometric 
monocarbides  have  been  the  subject  of  numerous 
studies  [1]. 

As  far  as  the  early  seventies,  unusual  large  rates  of 
mass  transport  were  observed  in  TiCx  at  large 
departures  from  stoichiometry  [2].  Enhanced 
sintering  was  reported  by  Ordinyan  [3]  at  low 
0.5<x  <0.7  values  and  excessive  grain  growth  was 
observed  at  the  range  of  carbon  content.  Mass 
transport  processes  take  place  essentially  by 
diffusion  in  the  solid  state.  The  self-diffusion 
coefficients  of  Ti  and  of  C  have  been  determined 
by  Sarian  [4].  The  diffusion  of  each  species  takes 
place  on  its  own  sublattice.  That  of  carbon  is 
greatly  facilitated  by  the  large  concentration  of 
structural  empty  carbon  sites,  the  diffusion  of 
titanium  proceeds  also  by  a  vacancy  mechanism 
but  only  by  thermal  vacancies  generated  on  the  Ti 
sublattice.  The  diffusivities  of  carbon,  not 
surprisingly,  are  higher  by  several  orders  of 
magnitude  than  those  of  Ti,  the  latter  were 
reported  to  be  independent  of  the  carbon  content 
in  TiCx.  All  diffusion  processes  involved  in 
sintering  or  in  grain  growth,  in  the  two  component 
system,  TiCx,  occur  via  an  ambipolar  diffusion 
mechanism.  The  effective  ambipolar  diffusion 

coefficient,  D ,  can  be  expressed  as 
D  —  Dji  Dq  j iDji  4*  Dq  )  where 

Dji  and  Dq  are  the  intrinsic  diffusivities  of  Ti 
and  C,  respectively  in  TiCx.  Since  Dq  »  Dji9 

essentially  D  =  Djy ,  we  expect  that  mass 

transport  in  TiCx  be  dominated  by  the  diffusion  of 
the  slowest  species,  namely  Ti,  along  its  fastest 
path.  The  substantial  dependence  of  mass 


transport,  both  in  sintering  and,  as  observed,  in 
grain  growth,  stands  in  apparent  conteradiction 
with  the  reported  lack  of  dependence  of  the  self 
diffusion  coefficients  of  Ti  on  the  carbon  content 
in  TiCx. 

In  view  of  this  inconsistency,  we  decided  to 
reexamine  the  experimental  evidence  upon  which 
the  commonly  accepted  conclusion  regarding  the 
carbon  concentration  dependence  of  Dji  was 
based. 

Sarian  examined  four  TiCx  samples,  one  of  which 
only,  TiCo.67>  had  a  carbon  content  x  <  0.8. 
Contrary  to  the  other  samples,  the  TiC0.67  could 
not  have  been  grown  from  the  melt  because  at  this 
composition  it  does  not  melt  congruently.  Sarian 
reported  only  one  single  data  point  for  this 
sample,  the  results  regarding  a  diffusion  annneal 
carried  out  at  2150°C.  We  conclude  that  Sarian’s 
conclusion,  regarding  the  lack  of  dependence  of 
the  Ti  self-diffusion  coefficients  in  TiCx  and 
which  seems  to  have  gained  common  acceptance, 
is  at  best  well  established  only  for  the  upper 
carbon  content  range,  x  >  0.8. 

Sintering,  along  its  different  stages,  involves 
usually  several  different  diffusion  mechanisms.  In 
contrast,  grain  growth  involves  usually  one  single 
diffusion  mechanism  possibly  based  on  grain¬ 
boundary  diffusion.  The  mean  grain  size,  D , 
after  a  grain-growth  treatment  of  t  duration, 
relates  to  the  operating  diffusion  coefficient 
through  a  simple  expression  of  form: 

D  oc  C(Dfjt)U  n ,  with  usually  n«2  . 

Within  a  systematic  study  of  the  grain  growth, 
various  TiCx  samples  with  0.5  <  x  <0.8,  were 
synthesized  by  reacting  stochiometric  TiC  with 
appropriate  amounts  of  TiH2  at  1150°C  for  three 
hours.  In  the  course  of  this  treatment  single  phase 
TiCx  was  produced  and  the  carbon  content  was 
ascertained  by  lattice  constant  measurements  and 
using  the  previously  published  data.  Grain  growth 
treatments  were  performed  at  different 
temperatures.  The  grain  size  of  the  polished  and 
etched  samples  was  determined  using  an  image 
analysis  software.  The  grain  size  after  a  standard 
treatment  at  1300°C  for  one  hour  carried  out  ori 
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three  TiCx  samples  with  different  x  values  is 
shown  in  Fig.l.  In  some  instances  the  time 
dependence  of  the  grain  growth  was  examined 

and  the  results  showed  a  nearly  perfect  D  oc  !  ^ 
behavior. 

The  results  corroborated  the  previously  reported 
enhanced  mass  transport  effects  at  large 
departures  from  stoichiometric  composition. 
These  results,  as  mentioned,  are  in  gross 
contradiction  with  the  assumption  that  the 
diffusion  of  Ti  is  independent  on  the  carbon 
content  in  TiCx.  In  order  to  provide  an  explanation 
to  these  observations,  we  put  forward  the  a  model 
which  focuses  on  the  immediate  environment  of 
the  Ti  atoms  within  a  lattice  containing  a  high 
concentration  of  carbon  vacancies. 

The  carbon  vacancies  at  the  the  sintering  and 
grain  growth  treatment  temperatures  are 
distributed  randomly  on  their  sublattice,  since  the 
order-disorder  temperatures  are  below  1000K.  In 
such  a  lattice,  each  Ti  atom  will  have  in  its 
immediate  neighborhood  a  statistical  distribution 
of  vacant  carbon  sites.  Since  Ti,  on  its  own 
sublattice,  diffuses  by  a  vacancy  mechanism,  its 
diffusion  coefficient  can  be  expressed  by  the  well 
known  relation  DTi  =  Z)oexp(-j2 /  RT)  where 

Q  -  AH  j-  +  AH  jj  and  the  enthalpy  terms  are 

associated  with  the  formation  of  a  Ti  vacancy  and 
its  migration.  The  generation  of  a  Ti  vacancy  is 
associated  with  the  breaking  up  of  the  bonds 


Figure  1.  Grain  size  of 
TiCx  samples,  (a)  x=0.5; 
(b)  x=0.6;  (c  )  x=0.7. 
The  micrographs  under¬ 
went  digital  cleaning 

linking  that  atom  to  its  immediate  neighbors, 
namely  the  C  atoms.  We  assume  as  a  first 

approximation  that  AH^  =  mAHpj_c  +  A//77 , 

where  m  stands  for  the  number  of  neighboring  C 
atoms  (at  most  6),  Hr,.c  represents  the  enthalpy 

associated  with  one  Ti-C  bond  and  A//77,  the 

total  enthalpy  associated  with  second  nearest 
neighbors,  i.e.  Ti  atoms.  Obviously  the  larger  the 


number  of  C  vacancies  around  a  given  Ti  atom, 
the  lower  the  enthalpy  needed  to  form  that 
vacancy.  For  reasons  of  brevity,  we  neglect  at  this 
stage  any  discussion  regarding  the  effect  of  the 

local  vacancy  concentration  on  AZ/^and  on 

AHj-j.  Since  the  enthalpy  term  appears  in  the 

exponential,  we  also  neglect  all  local  situations  in 
which  a  Ti  atoms  is  surrounded  by  less  than  all  six 
vacant  carbon  sites.  The  diffusion  coefficient, 
taking  into  account  the  dependence  of  the 
statistical  probability  of  six  surounding  vacant 
carbon  sites,  on  the  carbon-to  metal  ratio,  x,  can 

be  written  as:  DTj  =  D0  (1  -  x)6  exp(-  Q  / Rt) 
(eq.l)  where  Q=AHji+AHji.  Clearly 

1 

Q  «Q,  and,  therefore,  this  particular  local 
configuration  determines  the  actual  diffusivity  of 
the  Ti  atoms.  In  order  to  check  the  validity  of  this 
model,  we  plotted  in  Fig.2,  the  normalized  values 
of  D ,  the  grain-size,  along  with  the  normalized 
jDn  values  fom  eq.l,  as  a  function  of  x.  Both 

the  grain  size  and  the  ^DTj  values  were 

normalized  with  respect  to  their  value  at  x  =  0.5. 
The  good  agreement  supports  the  validity  of  the 
model  that  has  been  put  forward. 


x  in  TiCv 

Figure  2.  Normalized  grains-size  and  (Dj,)1'2  as  a 
function  of  x. 
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Carbon  materials  cannot  be  used  for  a  long 
time  in  gaseous  oxidizing  atmospheres  at 
temperatures  over  500°C  in  view  of  intensive 
oxidation  of  carbon.  To  protect  parts  made  of 
carbon  materials,  NIIGrafit  Institute  has 
developed  a  number  of  formulations  and 
techniques  for  applying  coatings,  which 
ensure  serviceability  of  carbon  parts  in 
oxidizing  atmospheres  in  a  wide  temperature 
range. 

Given  hereinbelow  are  some  data  on  structure 
and  properties  of  the  coatings  developed. 

Plasma  spraying  is  a  technique  for  applying 
coatings  onto  local  portions  of  parts,  as  well 
as  for  protecting  large-size  parts.  A 
technology  has  been  developed  for  plasma 
application  of  high-melting  metal  oxides 
(Zr02,  Ti02,  A12C>3,  Cr203,  etc)  onto  carbon 
materials.  Ways  are  shown  for  increasing  the 
oxidation  resistance  of  plasma  coatings  via 
creating  multicomponent  coatings,  such  as 
A1203  -  A1  useful  for  protection  of  arc 
furnaces  electrodes.  The  investigation  of 
interaction  between  the  oxides  and  carbon  has 
made  it  possible  to  recommend  the  following 
temperature  ranges  for  the  coatings  usage: 
ZnO2.T800  to  2000°C,  Al203:1200  to  1300°C. 

Slip-baking  coatings  are  characterized  by  a 
high  technological  effectiveness,  possibility 
of  applying  onto  large-size  parts  of  complex 
configuration,  simplicity  of  the  equipment 
required. 


NIIGrafit  has  developed  a  member  of 
formulations  ensuring  the  exploitation  of 
carbon  parts  up  to  1500°C.  Of  great  interest  is 
a  coating  based  on  molybdenum  disilicide  and 
high-melting  borosilicate  glass  which 
possesses  a  healing  ability  for  defects  and 
relaxation  of  stresses  arising  in  the  coating 
from  the  difference  in  coefficients  of  thermal 
expansion  of  the  substrate  and  the  coating. 
The  coating  has  been  successfully  used  for 
protection  of  wing  edges  of  the  spacecraft 
«Buran»,  as  well  as  for  creation  of  an 
experimental  short-life  gas-turbine  engine 
with  employment  of  carbon-carbon  materials 
(thermally  stressed  sections  of  a  combusion 
chamber  and  a  nozzle  box).  The  slip-baking 
multicomponent  coatings  based  on  Ti,  Zn,  Hf 
borides  ensure  the  serviceability  of  carbon 
parts  in  a  wide  temperature  range:  from  600 
to  1800°C. 

Coatings  based  on  silicon  carbide  and  applied 
by  the  method  of  chemical  reaction  from  a 
vapor  phase  (CVR-process)  or  chemical 
deposition  from  a  vapor  phase  (CVD-process) 
are  used  jointly  with  the  slip-baking  coatings 
in  view  of  a  high  brittleness  of  the  silicon 
carbide  coating  leading  to  its  cracking.  The 
slip-baking  coating  is  capable  of  healing 
cracks  in  the  carbide  layer.  In  its  turn,  silicon 
carbide  has  good  «barrier»  properties 
diffusion  of  carbon  into  the  oxide  surface 
coatings. 

Structural  particularities  of  the  coatings  and 
their  physic  mechanical  properties  are  given. 


505 


SECTION  E. 

EXPERIMENTAL  DATA  OBTAINED  FROM  PERFORMANCE  OF  MATERIALS  AND  COATINGS  IN  ON  LOCATION 
_ _ HAZARD  CONDITIONS 


INVESTIGATION  OF  CONSTRUCTION  HEAT-SHILDING  DURING  THE 
INFLUENCE  OF  INCREASED  RADIANT  HEAT  FLOWS 


Gotovtsev  G.D.,  Klishin  A.F. 

Lavochkin  Association,  Himky,  Russian  Federation 


Under  conditions  of  a  single  action  of  increased 
radiant  heat  flows  structural  (including  building) 
materials  with  lowered  thermostability  are  heated 
up  to  self-ignition  point.  Facility,  permitting  to 
conduct  accelerated  tests  of  materials,  was 
developed  for  investigation  of  thermostability 
parameters  of  materials  during  radiant  heating.  The 
facility  allows  to  create  radiant  heat  flow  that  can 
be  controlled  both  in  magnitude  and  duration. 
Initial  directed  heat  flow  from  the  source  of  radiant 
heating  passes  through  the  diaphragm  that  shapes 
the  diameter  of  the  beam,  and  then  the  radiation 
power  passes  through  the  densitometer  and  falls  on 
the  target  made  of  investigated  material.  In  order  to 


define  the  temperature  of  self-ignition  point  and 
target  heating  rate,  the  temperature  variations  are 
measured  in  time  in  the  area  of  the  radiant  flow 
influence  on  the  working  and  back  side  of  the 
target.  The  beginning  and  the  end  of  tests  are  set 
by  the  time  of  operation  of  controlled  shutter 
installed  between  the  diaphragm  and  the  target. 
The  tests  of  heat  protection  of  different 
construction  materials  have  been  carried  out  using 
the  same  procedure.  The  efficiency  of  application 
for  some  thin-layer  coating  materials  which 
makes  a  boiling  stratum  during  heating,  thus 
protecting  investigated  material  from  ignition,  has 
been  defined. 
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PECULARITIES  OF  GRINGING  THE  CERAMIC  POWDERS  FOR 
COVERING  THE  CAST  IRON  MOLDS 

Baranova  T.F. 

Federal  State  Unitary  Enterprise  “Obninsk  Research  and  Production  Enterprise 
“TECHNOLOGIYA”,  Obninsk,  Russia 


The  ceramic  filler  consisting  of  the  mullite- 
corrunduim/chamot/zircon/clay/electrocorundum 
mixture  is  used  to  manufacture  the  antibuming 
paint  for  the  cast  iron  molds  in  molding  the  cast 
iron  and  aluminium  alloys. 

The  quality  of  the  coating  applied  depends  directly 
on  the  ceramic  powder  dispersiveness  which  must 
be  optimal  and  correspond  with  the  specific 
surface  of  5500-6000  cm2/g.  In  case  of  less 
dispersiveness  the  smooth  state  and  thickness  of 
the  coating  are  not  ensured.  In  case  of  higher 
extent  of  dispersiveness  the  stable  hiding  power  of 
the  paint  cannot  be  attained  (the  paint  does  not  wet 
the  surface  of  the  mold).  The  paint  can  also  stick  to 
the  mold  surface. 


The  process  of  producing  the  fme-dipersed 
powders  (specific  surface  of  5500-6000  cm2/g) 
from  the  staring  raw  materials  with  grains  3-0,1 
mm  in  size  using  new  surfactants  based  on 
polysiloxane  polymers  of  various  structures  has 
been  developed.  The  time  of  griding  in  the  ball 
mills  200  litres  in  valume  at  47-55  rpm  is  reduced 
one  half  (from  80-100  to  40-60  hours)  depending 
on  the  hardness  and  starting  size  of  powders 
grains,  on  the  quality  of  the  surfactants  being 
injected.  The  dependencies  of  the  powders 
dispersiveness  and  the  coating  quality  on  the 
surfactant  type  (hydrophilic  and  hydrophobic)  are 
determined. 
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HIGH-TEMPERATURE  OXIDATION  RESISTANCE  OF  CERAMIC 
MATRIX  COMPOSITES  Si3N4/Cf 

Kelina  I. Yu.,  Plyasunkova  L.A.,  Chevykalova  L.A.,  Dotsina  E.S. 

Federal  State  Unitary  Enterprise  “Obninsk  Research  and  Production  Enterprise 
“TECHNOLOGIYA”,  Obninsk,  Russia 


In  the  last  few  years  the  composite  ceramics  has 
received  much  recognition  as  a  new  class  of 
advanced  materials  having  high 
physical/mechanical  characteristics  and  unique 
combination  of  these  properties.  With  respect  to 
these  characteristics  the  ceramics  compares 
favourably  (in  spite  of  its  brittleness)  with  metals 
and  alloys.  The  main  field  of  application  of 
ceramic  matrix  composites  (CMC)  is  engine 
manufacturing.  Taking  into  account  that  the 
engine  components  are  exposed  in  real  working 
conditions  to  heated  air  and  fuel  combustion 
products,  it  becomes  obvious  that  CMCs  being 
used  must  be  resistant  to  high  temperature 
oxidation. 

The  composites  with  Cf  fiber  reinforced  silicon 
nitride  matrix  are  of  interest  among  CMCs  being 
developed  actively  now.  Si3N4/Cf  system  is 
promising  for  high-temperature  applications  due 
to  high  oxidation  resistance  of  Si3N4  matrix  at  the 
temperatures  up  to  1 500°C,  due  to  the  application 
for  reinforcing  the  discrete  and  continuous  carbon 
fibers  and  due  to  the  attainment  of  actually 
theoretical  composite  material  density  thanks  to 
the  use  of  hot  pressing  technology. 

The  aim  of  this  work  is  to  study  the  high- 
temperature  oxidation  resistance  of  Si3N4/Cf 
CMCs  reinforced  with  carbon  fibers  of  various 
brands  of  home  and  foreign  manufacture  which 
have  varying  content  of  fiber.  The  studies  were 
carried  out  in  the  air  at  moderate  (1100°C)  and 
ultimate  (1500°C)  temperatures. 

The  process  of  oxidation  of  CMCs  Si3N4/Cf 
proceeds  in  two  directions.  On  the  one  hand  the 
oxidation  of  Si3N4  at  the  temperatures  being 
considered  occurs  with  mass  increment  due  to  the 
forming  of  the  silicon  dioxide  film  (passive 
oxidation  mode).  On  the  other  hand  the  carbon 
fiber  oxidation  with  a  mass  loss  begins  because 
the  resulting  carbon  oxides  C02  and  CO  being 
formed  are  gaseous  products. 

The  process  of  high  temperature  oxidation  of 
Si3N4/Cf  CMCs  reinforced  with  the  discrete 


carbon  fibers  in  a  wide  range  of  temperatures 
(1 100-1500  C)  has  been  studied.  The  studies  were 
carried  out  based  on  a  series  of  specimens  the 
content  of  which  varied  depending  on  the  type  of 
sintering  activator  (MgO,  Y203),  type  of  carbon 
fiber  of  home  (UNKP-5000)  and  foreign  (T300, 
M60J  Torayca,  Japan)  manufacture  and  depending 
on  its  content  from  5  to  40  volume  %. 

The  specimens  for  the  study  were  manufactured 
by  hot  pressing  at  1750  -  1850°C  in  nitrogen 
atmosphere  in  graphite  molds.  This  ensured  the 
protection  of  carbon  fibers  against  oxidation  in  the 
course  of  high-temperature  sintering. 

The  process  of  high-temperature  oxidation  of 
CMC  has  been  studied  by  the  methods  of  scanning 
electron  microscopy  and  optical  microscopy,  X- 
ray-phase  and  spectral  analyses  with  respect  to  the 
formation  nature  and  composition  of  oxide  film, 
state  of  matrix  and  fibers.  The 
physical/mechanical  properties  of  specimens 
before  and  after  high-temperature  oxidation  were 
evaluated.  The  dependence  of  mass  on  time,  fiber 
type  and  its  volume  content  are  presented. 

The  essential  differences  in  the  mode  of 
composites  in  the  course  of  oxidation  have  been 
detected.  Interconnection  between  the  speed  of 
oxide  film  formation  (and  its  composition)  and 
sintering  activator  quantity  and  quality  in  the 
Si3N4/Cf  system  have  been  found.  The  advantages 
of  MgO  sintering  activator  over  Y203  activator 
during  the  use  of  CMC  at  temperatures  above 
1 1 00°C  are  shown. 

The  analysis  of  surface  layer  microstructure  have 
demonstrated  that  the  oxidation  process  was 
running  irregularly  on  mutually  perpendicular 
edges.  It  proceeds  more  actively  in  the  plane 
perpendicular  to  ciystallographic  axis  "C"  of  the 
fiber. 

The  essential  differences  in  the  mode  of 
composites  in  the  course  of  oxidation  at  1100°C 
and  1500°C  have  been  detected.  The  changes  in 
morphology  of  oxidized  layer  were  observed  in 
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the  process  of  temperature  increase:  from 
amorphous  state  to  various  content  of  crystalline 
phases  SiCf. 

The  structure  and  integrity  of  the  imported  fibers 
T-300  and  M60J  remain  at  1100°C.  These  fibers 
manifested  themselves  more  resistant  to  oxidation 
than  fibers  of  home  manufacture.  The  UKN 
(YKH)  fibers  change  their  structure  in  the  course 
of  oxidation  and  represent  thin  filaments 
consisting  of  spherical-shape  particles  0.1 -0.2  pm 
in  size  (figure  1). 

It  is  shown  that  the  high  speed  formation  of  oxide 
film  takes  place  during  a  short-time  oxidation  at 
1500°C.  Dense  film  with  high  content  of 
crystalline  phases  and  40-200  pm  in  thickness  is 
formed.  Thereby  the  sealing  of  pores,  self-healing 
of  microcracks  and  termination  of  mass  losing 
take  place.  In  so  doing  the  carbon  fibers  retain 
their  integrity  in  all  CMCs. 


I  ■ v> 


||f' 


:-r  ...  •  \ . •  1 

mm  '*■ 

WS&i 


The  studies  of  specimens  with  interlayers  made 
from  continuous  fibers  have  shown  that  in  the 
whole  temperature  range  1100-  1 500°C  the  fibers 
burned  up  completely  with  various  extent  of 
structure  degradation  (figure  2). 

The  fibers  in  Si3N4-MgO  matrix  retain  their 
integrity  in  all  instances  (figure  3,  4)  which  is  due 
to  less  quantity  of  sintering  activator  and 
consequently  to  less  quantity  of  glass-forming 
components  in  the  ceramics  and  also  due  to  the 
peculiarities  of  the  oxidation  of  matrix  itself  in  this 
temperature  range. 

The  studies  carried  out  have  demonstrated  the 
necessity  for  increasing  the  CMC  resistance  to 
high-temperature  oxidation  by  creating  the 
protective  coatings  for  fibers  and  the 
comprehensive  protection  of  the  whole  article. 
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ANALYSIS  OF  MECHANISM  OF  OXIDATION  OF  MATERIALS  ON 
THE  BASIS  CARBON  BY  OF  THE  INFLUENCE  OF  STREAM  COM¬ 
BUSTION  PRODUCTS  WITH  TEMPERATURE  UNDER  4500  K 


Osipov  V.P.,  Panin  S.D« 

Moscow  Bauman  State  Technical  University,  2nd  Baumanskaja  Str.,  107005,  Moscow,  Russia 


In  present  time  there  accumulated  a  considerable 
experience  of  calculations  of  value  ablation  of 
carbon-carbon  materials  nozzles  SPRM.  The 
model  [1]  which  takes  into  account  kinetic,  tran¬ 
sitional  and  diffusive  oxidation  regimes  by  active 
components  (H 20,C02,02,0H )  stream  com¬ 
bustion  products  is  proved  data  of  full-scale  test 
engines. 


The  mass  speed  of  ablation  in  kinetic  mode  is  rep¬ 
resenting  by  equation 


mi  =  K0i 


Cie concen¬ 


tration  of  active  components  of  stream. 

The  values  of  coefficient  K0  for  common  reac¬ 
tion  of  oxidation  are  determined  experimentally. 
For  carbon-carbon  material  there  provided  tests  on 
liquid-propellant  rocket  engine  (kerosene  +  nitric 
acid,  Tq  =3350  K).  The  test  value  ablation  and 


calculated  value,  when  K0  =  3000  m/c  are  present 
on  fig.  1 . 


is  s  IS  40  ns  i,c 


Fig.l  Calculated  and  test  thickness  of  ablation  of 
throat  nozzle  LPRE 

This  value  of  K0  was  used  in  calculations  of 

thickness  of  ablation  carbon-carbon  materials  of 
throat  nozzles  SPRM  and  coincidence  with  data  of 
test  was  observed. 

The  classic  test  for  determining  of  constants  of 
kinetic  oxidation  is  carried  by  temperature  of  wall 
Tw  =const.,  but  in  conditions  of  nozzle  of  SPRM 


the  temperature  of  wall  is  considerably  changing 
in  time.  Speed  of  mass  ablation  goes  with  finite 


rate  of  mass  transfer  m  =  m  +  tp 
of  relaxation. 


d  m 
dt 


-  time 


The  influence  of  finite  rate  of  mass  transfer  is  de¬ 
termined  by 


1  dL 

Tw  dt 


In  initial  times  (Tw~1000  K,  ----  -  =  3  104K,  E  = 

dt 


1,7  105 - -,)  the  influence  of  finite  rate  has  de¬ 

mo/ 


gree  (1-50/^).  In  work  [2]  they  say,  that  tp  of 
mass  transferring  more  tp  of  conductivity  for  5-6 
degree.  Then  in  processes  of  mass  transfer 
/p~10"4sec  and  influence  of  finite  rate  don't  ex¬ 
ceed  5%. 


The  transition  to  propellant  with  temperature  of 
combustion  products  under  4500  K  may  require 
considerable  correction  of  existing  approbating 
models  -  for  Tw>  4000  K  be  able  reactions  C+H, 

C+NO  and  other.  The  calculations  of  thickness 
ablation  and  temperature  fields  carbon-carbon 
throat  of  nozzle  hypothetical  SPRM  (p0=14MPa, 

stagnation  temperature  To=4500  K)  had  by 
method  [3]  shows,  that  temperature  of  wall 
7^=3900  K  to  50  sec  in  throat.  When  entering  the 

nozzle  Tw  >4000  K.  The  pressure  is  not  less  than  9 

MPa  and  sublimation  mode  is  hardly  to  be  ex¬ 
pected. 

The  diffusion  regime  of  oxidation  is  realized  and 

cc  ct 

mass  rate  of  ablation  m  =  —  B  ,  where  —  is 

c/>  cr 

parameter  of  transfer  (coefficient  of  mass  trans- 
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fer),  Bm  is  generalized  force  (potential  function 
of  condition)  or  oxidizing  potential 

=^cZ^’where 

Mc  -  molar  mass  of  carbon. 


tion  mQc  in  boundary  condition  of  equation  for 
conductivity. 

It  begins  to  reduce  the  temperature  of  wall  and 
returns  process  in  limits  of  usual  models. 
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Fig.2  Change  of  oxidizing  potential 

These  data  confirm  existence  of  the  temperature 
range  with  invariable  value  of  oxidizing  potential. 
The  intensity  growth  oxidizing  potential  Bm  for 

reason  of  atomic  hydrogen  is  observing  at  Tw  > 
3000  K,  but  contribution  of  nitrogen  is  unimpor¬ 
tant. 
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Fig.3  Change  of  thermal  effect 

Data  are  received  maximum  value.  The  growth  of 
ablation  rate  because  of  increase  of  oxidizing  po¬ 
tential  brings  to  the  growth  thermal  effect  of  abla- 
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CAPACITY  TO  EXPLOSION-PROOF  PROTECTION  FOR  METALS  AND 

METALLIC  COATINGS 

Author:  Senior  Scientific  Researcher  I.  ROMAN  EREMIEA  Ph.D.Eng.  General  Director 

National  Institute  for  Mine  Safety  and  Explosion-Proof  Protection  -  INSEMEX  Petro§ani,  Romania 


The  metallic  materials  and  coatings  of  housings 
for  equipments  or  for  their  parts  in  industrial 
installations  may  become  sources  of  ignition  for 
flammable  gaseous  mixtures  through  mechanical 
sparks  and/or  over-heated  surfaces. 

The  author  identified  the  tendency  to  ignition  by 
mechanical  sparks  and/or  over-heated  surface  for 
the  main  metallic  materials  and  identified  original 
solutions  for  an  explosion-proof  protection. 

The  paper  presents  in  detail  the  tendency  to 
ignition  by  mechanical  sparks  of  metals,  through 
analytical  determination,  as  well  the  results  of  the 
laboratory  tests  carried  out  on  different  industrial 


metals  and  protective  coatings  in  explosive 
atmosphere  with  combustible  gases. 

The  annex  presents,  in  Xerox-copied  format,  the 
diagram  for  the  ignition  tendency  by  mechanical 
sparks  of  the  main  metals  for  general  industrial 
use.  The  explosion-proof  protective  solutions  that 
result  after  research  studies  shall  classify  into: 

•  Protective  solutions  that  result  after  an 
optimum  design  and  choice  of  the  metal  nature; 

•  Protective  coatings  with  spark-proof,  static- 
proof  and  corrosion-proof  properties. 
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INVESTIGATION  OF  FAILURE  OF  FIBERGLASS  PLASTIC  AND  CAR¬ 
BON-CARBON  COMPOSITION  MATERIALS  UNDER  CONDITIONS  OF 

FLIGHT  IN  DUSTY  ATMOSPHERE 

Mikhatulin  D.S.,  Polezhaev  Yu.V.,  Reviznikov  D.L.(1) 

IVTAN  (Institute  of  High  Temperatures)  Scientific  Association,  Russian  Academy  of  Sciences, 

Moscow,  127412  Russia 

(1)Moscow  State  Aviation  Institute  (Technical  University),  Moscow,  125080  Russia 


The  flight  of  a  hypersonic  flying  vehicle  (HV)  in 
an  atmosphere  containing  rain  (snow,  dust,  etc.) 
formations  is  accompanied  by  both 
thermochemical  and  thermal-erosion  failure  of 
external  thermal  shielding.  The  highest  degree  of 
such  effect  is  observed  at  the  leading  edges  of 
wings  and  at  the  stagnation  points  of  frontal 
surfaces.  In  view  of  this,  it  is  of  interest  to 
perform  an  integrated  study  of  heat  transfer  and 
erosion  failure  of  heat-shielding  materials  under 
conditions  of  horizontal  flight  of  an  HV  at 
different  parameters  of  flight,  espeially,  at  the 
beginning  of  motion  when  entering  a  cloud  of 
formations  identified  above. 

In  this  study,  we  simulate  the  horizontal  flight  of 
an  HV  first  in  a  clean  atmosphere  and  then  in  a 
dusty  cloud.  Taken  to  be  the  initial  moment  of 
time  was  the  moment  when  the  HV  in  the  state 
corresponding  to  that  of  flight  in  a  clean 
atmosphere  enters  a  dusty  cloud.  The  transition 
period  starts  from  quasistationary  thermochemical 
failure  of  fiberglass  plastic  in  the  nondusty  flux  to 
thermal-erosion  failure  in  the  dusty  cloud;  it  is  this 
latter  cloud  that  is  studied  by  us  up  to  relaxation  to 
the  quasistationary  rate  of  thermal-erosion  failure. 
Meant  by  this  is  a  constant  rate  of  failure  that  may 
be  such  only  under  conditions  of  a  constant 
thermal  state  of  the  surface  layer,  i.e.,  when,  at  the 
moment  of  particle  impact,  the  temperature  profile 
in  the  surface  layer  is  one  and  the  same.  The 
period  being  studied  is  the  period  of  variation  of 
the  temperature  profile  from  the  initial  period, 
which  corresponds  to  the  quasistationary  profile 
under  the  thermochemical  effect  of  the  clean  gas 
flow  before  the  HV  entry  into  the  cloud,  to  the 
final  period,  which  corresponds  to  the 
quasistationary  profile  under  the  thermal-erosion 
effect  of  the  dusty  gas  flow  under  conditions  of 
flight  inside  the  cloud.  In  so  doing,  the  results  of 
experimental  investigations  involving  ground 
studies  into  the  fiberglass  resistance  to  the 
supersonic  effect  of  heterogeneous  flows  are 
extended  to  the  flight  conditions. 


A  characteristic  feature  of  the  material  being 
investigated  (fiberglass  plastic)  is  the  marked 
dependence  effective  enthalpy  of  erosion  failure 
of  Her  on  the  integral  mean  temperature  Ts  (a  drop 
with  increasing  temperature  of  heating  of  the 
surface  layer).  This  effect  must  be  included  in  the 
prediction  of  the  behavior  of  materials  of 
fiberglass  plastic  under  fight  conditions. 

In  order  to  calculate  heat  fluxes  under  conditions 
of  supersonic  heterogeneous  flow  past  a  blunt 
body,  use  is  made  of  a  semiempirical  model  [1] 
that  defines  the  coefficient  of  enhancement  of 
convective  heat  transfer  relative  to  its  value  of  ao 
in  a  dust-free  flow. 

Various  procedures  may  be  employed  to  calculate 
the  convective  heat  transfer  in  the  neighborhood 
of  the  forward  critical  point  under  conditions  of 
dust-free  flow  past  a  spherical  blunting.  We  used 
the  Fay-Riddell  formula. 

Therefore,  the  process  of  simulation  of  thermal- 
erosion  failure  under  flight  conditions  includes  the 
following  steps,  the  determination  of  the 
gasdynamic  parameters  of  incident  flow  by  the 
reassigned  trajectory  data,  the  calculation  of  the 
parameters  of  gas  in  the  shock  layer  between  the 
shock  wave  and  the  body  subjected  to  flow,  the 
calculation  of  motion  and  heat  transfer  of  particles 
in  the  shock  layer  and  the  determination  of  the 
parameters  of  collision  between  particles  and 
obstacle,  the  calculation  of  the  parameters  of  heat 
transfer  of  the  structure  subjected  to  dust-free 
flow,  and  the  simultaneous  solution  of  equations 
of  pulsed  failure  and  heat  transfer  in  the  material 
subjected  to  failure. 

We  treat  the  neighborhood  of  the  forward 
stagnation  point  of  a  spherical  blunting  with  an 
infinite  extent  of  the  cloud  and  constant 
parameters  of  incident  flow,  determined  using  the 
standard  atmosphere  model.  The  equation  of 
motion  for  a  solitary  particle  in  compressed  gas 


513 


SECTION  E. 

EXPERIMENTAL  DATA  OBTAINED  FROM  PERFORMANCE  OF  MATERIALS  AND  COATINGS  IN  ON  LOCATION 

HAZARD  CONDITIONS 


behind  the  shock  wave  is  used  to  determine  the 
rate  of  collisions  between  particles  and  object. 
The  drag  coefficient  of  particles  is  calculated  by 
Henderson’s  formula. 

On  analyzing  the  variation  of  the  surface 
temperature  T„.  in  the  initial  stage  of  the  process, 
one  can  conclude  that,  for  large  particles,  the 
variation  of  the  temperature  profile  in  the  surface 
layer  first  proceeds  by  way  of  “cutting  off’  its 
high-temperature  part  to  a  depth  equal  to  the 
crater  depth.  This  is  followed  by  the  heating  to  the 
temperature  Tm  and  the  recovery  of 
thermochemical  failure  with  considerable  values 
of  time  from  the  beginning  of  the  process.  It  is 
only  at  a  high  altitude  H  and  at  a  low 
concentration  of  particles,  when  the  convective 
heat  transfer  a  is  relatively  low,  that  the 
temperature  of  thermochemical  failure  does  not 
recover  even  after  the  first  particle  impact. 

The  effect  of  the  temperature  dependence  of  the 
effective  enthalpy  of  erosion  failure  on  the 

thickness  Ar  of  material  carried  away  may  be 
judged  by  the  difference  of  the  curves 
corresponding  to  this  quantity  for  different 
parameters  from  the  straight  line  Ao.  For  this 
factor,  the  effect  of  the  nonstationary  stage  is 
significant.  This  shows  up  most  clearly  in  the  case 
of  a  small  particle  diameter  (dp= 5  pm),  when  the 
average  temperature  of  the  heated  layer  remains 
rather  high  during  the  extensive  initial  stage.  In  so 

doing,  the  time  dependence  of  the  thickness  Ao  - 
of  material  carried  away  in  the  nonstationary  stage 
is  substantially  nonlinear,  this  leading  to  a 

considerable  excess  of  Ar  over  Ar,  the 
thickness  of  the  layer  carried  away  at  a  constant 
enthalpy  //er=const  (in  the  latter  case,  the  rate  of 
carryover  is  constant  and  the  dependence  is 
linear).  In  view  of  the  foregoing,  the  temperature 
dependence  of  the  effective  enthalpy  of  erosion 
failure  Har  must  be  included  in  such  estimates. 

An  increase  in  the  flight  altitude  leads  to  a 
variation  of  the  affecting  parameters.  An  analysis 
of  this  venation  reveals  the  existence  of  two 
contradictory  factors  which  define  the  effect  of 
the  flight  altitude  on  the  intensity  of  failure  of  heat 
shielding.  On  the  one  hand,  the  increase  in  the  rate 
of  collision  of  particles  with  the  surface 
predetermines  the  intensification  of  failure,  and, 
on  the  other  hand,  the  increase  in  the  effective 
enthalpy  Her  is  indicative  of  the  increasing 
resistance  of  the  material  to  failure.  For  all 


particle  sizes,  an  increase  m  altitude  leads  to  a 
drop  of  Ts  as  a  result  of  the  decrease  in  the  total 
coefficient  of  heat  transfer  and  of  the  increase  in 
the  crater  depth  with  increasing  velocity  of 
particle  impact.  This  leads  to  a  decrease  in  the  rate 

of  erosion  failure  U er,  which  is  most  pronounced 
in  the  case  of  particles  of  small  diameters  and  in 
the  case  of  low  altitudes,  when  the  weakening  of 
the  decelerating  effect  of  the  shock  layer  on 
particles  is  of  considerable  importance. 

The  effect  of  the  radius  of  hemisherical  blunting 
of  the  frontal  sirface  RN  on  the  rate  of  erosion 
failure  is  analyzed.  An  increase  in  RN  is 
accompanied,  on  the  one  hand,  by  a  decrease  in 
the  rate  of  collision  of  particles  with  the  obstacles, 
which  promotes  the  heating  of  the  surface  layer, 
and,  on  the  other  hand,  by  a  decrease  in  the  heat- 
transfer  coefficient.  As  a  result  of  the  effect  of 
these  contradictory  factors,  the  temperature  of  the 
surface  layer  and  the  effective  enthalpy  of  erosion 
failure  prove  to  be  rather  conservative  to  the 
venation  of  the  blunting  radius  for  the  treated 
panicle  sizes,  and  the  venation  of  the  intensity  of 
failure  is  largely  defined  by  the  decrease  in  the 
rate  of  collision. 

A  more  significant  effect  is  made  by  the 
concentration  of  panicles  in  the  flow.  An  increase 
in  the  concentration  Gp  leads  to  an  increase  in  the 
heat  flux  and  promotes  a  rise  of  the  temperature  of 
the  heated  layer.  However,  this  tendency  is 
suppressed  by  the  reduction  of  the  time  between 
collisions.  As  a  result,  for  all  treated  particle 
diameters,  Ts  drops  with  increasing  Gp,  this 

leading  to  a  decrease  in  U er.  In  this  case,  this 
correlation  is  less  conspicuous  with  increasing 
particle  diameter. 

Authors  are  grateful  to  INTAS  (grant  00-0309)  for 
financial  support  of  this  project. 
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The  brief  review  of  basic  results  of  fundamental 
and  applied  research  performed  by  the  research 
staff  of  employees  of  the  Department  of  Rarefied 
Gas  Dynamics  of  the  Institute  of  Technical 
Mechanics  of  NAS  and  NSA  is  submitted. 

The  investigations  into  the  features  of  interaction 
of  rarefied  gas  supersonic  flows  with  the  materials 
of  space  vehicle  (SV)  other  coatings  was 
necessitated  by  consideration  of  a  wide  scope  of 
scientific  and  applied  problems  in  the  fields  of 
rarefied  gas  dynamics,  molecular  gas  dynamics 
and  satellite  photometry. 

In  this  report  attention  was  focused  on  the 
experimental  investigations  carried  out  with  the 
aid  of  the  vacuum  aerodynamic  facility  (VAU-2M) 
ITM  NAS  and  NSA  [1].  The  installation  was  put 
into  operation  in  1988  with  direct  financial  support 
of  RSC  “Energia”  and  State  design  office 
“Yuzhnoye”. 

Measurement  results  of  impulse  exchange 
coefficients  and  scattering  indicatrixes  of  neutral 
rarefied  supersonic  flows  (velocity  4  +  8  km/s) 
interaction  with  main  structural  materials  of  SV 
outer  coatings  (screen-vacuum  thermal  insulation, 
aluminium-and-magnesium  alloys,  solar  batteries 
fragments,  ceramic  coatings,  etc.)  are  presented. 
The  force  measuring  results  are  generalized  in  the 
framework  of  a  hypersonic  approcsimation  of  a 
diffuse  model  with  variable  accommodation 

coefficients  of  normal  Pn  and  tangential  Px 

component  of  impulse.  A  root-mean-square  error 
of  the  measuring  did  not  exceed  6  %.  The  obtained 
results  are  in  agreement  with  the  results  of 
scattering  indicatrixes  measurements  on  the  same 
surfaces. 

The  results  of  data  processing  on  aerodynamic 
drag  of  six  passives  spherical  Simulated  Earth 
Satellites  (SES)  made  of  different  structural 
materials  launched  in  the  framework  of  space 
program  “Variation”  are  discussed.  The 


experiment  was  carried  out  on  the  basis  of  a  joint 
decision  of  several  organizations:  ITM  (Ukraine), 
“Nauka”  and  ’’Cosmos”  (Russian  federation).  The 
satellites  were  put  in  the  orbit  in  pairs  and 
separated  from  SV  “Resurs-F”  25.05,89,  18.07,89 
and  01.08,92.  Other  coatings  materials  for  these 
satellites  were  chosen  on  the  basis  of  the  analysis 
of  experimental  results  obtained  on  VAU-2M 
installation.  During  the  whole  period  of  SES 
existence  they  were  regularly  observed  with  the 
aid  of  space  checkout  facilities.  In  so  doing,  orbits 
element  and  ballistic  coefficients  of  coordination 
between  real  satellite  deceleration  and  one  value 
measured  under  laboratory  conditions  were 
correlated.  Qualitative  and  quantitative 
coincidence  of  full-scale  and  laboratory 
experiments  allows  to  develop  an  adequate  enough 
model  of  the  basic  physical  features  of  interaction 
of  high-speed  rarefied  gas  flows  with  streamlined 
surfaces  on  the  VAU-2M  installation  and  their 
recalculation  to  full-scale  conditions  of  flight. 

At  present  problems  of  reliable  aerodynamic 
support  of  space  projects  and  programs  are  often 
arise.  The  realization  of  the  “Venus  -  Galley” 
international  project  may  serve  as  an  example.  At 
SV  flight  in  gas-and-dust  comet  atmosphere 
(relative  velocity  ~  80  km/s)  the  energy  of 
interaction  of  dust  particles  of  a  mass  up  to  1  gm 
with  outer  coatings  materials  is  commensurable 
with  the  energy  of  a  micronuclear  explosion. 
Methodical  aspects  of  investigations  of  a 
hypersonic  flow  about  “Vega”  spacecraft  and 
simultaneous  action  of  solar  radiation  are 
discussed  [4], 

The  results  of  systematic  research  of  aerodynamic 
characteristics  of  the  orbital  SV  and  the  implanted 
research  probe  (penetrator)  also  at  various  modes 
of  their  motion  in  a  Mars  atmosphere  (design 
“Mars  -  96”)  are  given. 

New  physical  and  mathematical  models  have  been 
considered  to  describe  mass  transfer  processes  and 
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the  glow  characteristics  in  the  SV  locality, 
including  the  calculation  three-dimensional  free- 
molecular  flows  taking  into  account  the  interaction 
of  propulsion  systems  jets  with  the  structure 
elements  [2].  Attention  is  fixed  on  the  role  of 
physical  and  numerical  experiments  in  the 
investigations  of  the  luminous  radiation  level  and 
induced  pollution  of  onboard  devices  and 
equipment  owing  to  the  collisions  of  structural 
materials  mass  loss  products  among  themselves 
and  with  free  stream  particles. 

Priority  attention  has  been  paid  to  the  development 
of  efficient  numerical  algorithms  allows  to  take 
into  account  of  interference  effects,  structure 
elements  cross  shading  and  program  realization  of 
such  algorithms. 

The  existing  physical  analogy  between  the 
processes  of  molecular  and  radiation  flux  has 
allowed  the  developed  software  to  be  adopted  with 
reference  to  the  solution  of  modern  problems  of 
geodynamics  of  a  satellite  photometry  and 
radiative  heat  exchange.  The  results  of  complex 
numerical  studies  of  disturbances  acting  on  the 
part  of  forces  of  a  nongravitational  origin  on 
geodynamic  satellites  and  satellites  of  global 
navigational  systems  (“Etalon”  “Glonass”,  GPS) 
are  presented.  The  analysis  of  the  obtained  results 
has  shown  that  in  the  calculation  of  forces  of  solar 
pressure  acting  on  these  satellites  the  influence  of 
structure  elements  mutual  shading  effects  becomes 
determining. 

A  priori  numerical  analysis  of  nongravitational 
disturbances  acting  on  Etalon  SES  with  regard  to 
the  structure  elements  reflective  power  has  shown 
the  good  agreement  with  laser  long-range 
measurement  results  processed  subsequently. 

The  examples  of  application  of  computational 
aerodynamics  methods  for  the  solution  of  various 
satellite  photometry  problems  are  demonstrated. 

A  special  attention  is  given  to  the  discussion  of  the 
results  obtained  in  the  field  of  SV  outer  molecular 
and  radiation  heat  exchange.  The  mathematical 
methods  developed  to  calculate  aerogasdynamic 
characteristics  were  modified  conformably  to 
problems  of  SV  outer  molecular  and  radiation  heat 
exchange.  The  main  sources  of  SV  elements  outer 
heating  include:  direct  solar  radiant  energy  fluxes, 
molecular  thermal  radiation  fluxes  (“kinetic” 
heating  and  heating  as  a  result  of  a  recombination 


of  the  upper  atmosphere  atomic  oxygen  on 
streamlined  surfaces),  and  also  of  Earth’s  infrared 
radiant  energy  fluxes  and  solar  radiant  energy 
fluxes  reflected  by  its  surface.  It  is  shown  that  at 
small  altitudes  ( — 200 — 300  km)  molecular  fluxes 
essentially  contribute  to  total  heat  fluxes  on  the  SV 
structure  elements  of  large  sizes  (orbital 
complexes,  reusable  apparatus,  etc.).  The 
magnitude  of  these  fluxes  substantially  depends  on 
a  molecular  composition  of  the  Earth’s  upper 
atmosphere  and  its  variations  caused  by  solar  and 
geomagnetic  activity.  It  is  underlined  that  in  the 
development  of  SV  thermal  control  systems  it  is 
necessary  to  take  into  account  all  kinds  of  outer 
radiant  energy  fluxes  since  at  small  altitudes  the 
radiant  energy  fluxes  going  from  the  Earth  can 
reach  value  ~40  %  as  compared  to  direct  solar 
radiant  energy  fluxes  [1], 

The  scientific  program  of  individual  aerophysical 
experiments  on  studying  the  kinetics  interphase  and 
intermolecular  interaction  planed  to  be  fulfilled  and 
realized  onboard  an  International  Space  Station  [4] 
is  presented. 
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INTRODUCTION 

Further  development  of  cosmonautics  is 
connected  with  creation  of  satellites,  space 
stations  and  space  vehicles  with  long  life  times. 
While  this,  significant  interest  gives  work  of 
friction  units  in  open  space,  because  according  to 
working  environment  a  complete  row  of 
mechanisms  and  assemblies  work  out  of 
pressurized  compartments  and  could  be 
influenced  by  open  space  factors.  And  besides,  for 
us  very  important  to  know  correctness  the 
overhead  testing  of  the  antifriction  materials  and 
friction  units  in  vacuum  equipments. 

FRICTION  SIMULATOR  (FS)* 


1  '  2 


Figure  1  Friction  simulator 

1 )  Electromechanical  hermetic  driver 

2)  Test  friction  units  block 


FS  was  built  for  investigation  of  tribological 
parameters  of  antifriction  materials  and  coatings 
in  laboratory  facilities  and  in  vacuum  or  gas 
environments  as  well,  and  also  on-board  of  any 
S/C  in  the  open  space  environment. 

*The  Institute  of  Optical-Physical  Measurements 
under  the  leadership  of  prof  A.A.Silin  designs  FS 
device;  it’s  laboratory  tests  were  executed  in  the 
same  Institute  under  the  leadership  of  prof 
E.A.Dykhovskoi 


FS  -device  set  includes: 

-  Autonomous  FS  unit  (dimensions:  315  x  230  x  180 
mm,  mass  is  4,0  kg); 

-  Two  five-channels  strain  meter  converters 
(dimensions:  225  x  170  x  120  mm,  mass  is  1 ,5  kg); 

-  Control  unit  of  the  tested  assemblies  (dimensions: 
240  x  180  x  60  mm,  mass  is  1,5  kg). 

In  device  are  using  two  schemes  of  t)ien  friction 
testing:  “shaft-bush”  (1)  (back-to-back  overlap 
coefficient  of  the  friction  surface  approximates  to  1 ) 
and  “disc-indenter”  (2)  (back-to-back  overlap 
coefficient  of  the  friction  surface  approximates  to  0). 
Simultaneously  nine  friction  assemblies  could  be 
tested:  three  assemblies  “shaft-bush”  and  '  six 
assemblies  “disc-indenter”**. 

Taking  into  account,  that  FS  device  should  work  in 
high  vacuum  environment,  decision  to  investigate 
tribological  parameters  of  widely  using  VNII  NP- 
212  hard  lubrication  coating  (HLC)  in  S/C  friction 
assemblies  was  taken;  lubricate  component  of  it  is 
MoSj. 

Choosing  of  loading-speed  test  regimes  of  the 
samples  testing  was  done  by  samples  model  tests  ’ 
from  the  same  materials  in  specially  manufactured 
unified  module  UMT-  scheme  “shaft-bush”  on 
vacuum  facility  VK-1. 

FS  -device  working  on  board  the  spacecraft 

Special  control  unit  (SCU)  for  the  friction 
assemblies  control  was  designed  in  order  to 
execute  experiment  in  space;  radio  commands 
were  transmitted  to  BUT  from  the  Earth,  and  FS 
device  and  two  strain  meter  converters  via  SCU 
were  connected  to  S/C.  Flying  FS  device,  two, 
strain  meter  converters  and  SCU  by  the  special 
frame  were  installed  at  the  external  surface  of  the 
S/C  structure;  S/C  was  designed  to  the  moon 
mission.  In  order  to  provide  referenced 
temperature  mode  FS  device  with  the  equipment 
set  was  covered  by  MLI.  In  order  to  increase 
degree  of  vacuum  in  the  testing  samples  zone,  a 
hole  of  70  mm  in  diameter  was  cut  in  MLI. 

**Choice  of  the  specimen  materials  and  load- 
velocity  regimes  provides  under  leadership  of  prof 
Yu.N.Drozdov  and  dr.S.L.  Gafner  (A.A. Blagonravov 
Research  Machinery  Institute  RAS) 
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During  the  15-month  active  work  of  the  space 
station  around  Moon  the  testing  friction  units  with 
hard  lubricant  expose  to  influence  the  space 
environment.  18  communication  contacts  were 
performed  with  FS  device.  During  mentioned 
period,  sum  device  working  time  was  128  hours. 

Results  of  tests  in  far  space 

It  is  well  known  that  in  the  course  of  flight  the 
S/C  itself  changes  properties  of  ambient 
environment,  by  creating  its  proper  atmosphere 
around  it,  which  forms  due  to  desorption, 
sublimation  and  erosion  of  materials  from  the 
exterior  surface  of  vehicle,  imminent  losses  of  gas 
and  its  condensate  from  the  pressurized 
compartments. 

The  FS  instrument  was  installed  on  the  “LUNA- 
22”  S/C  under  thermal  protection,  in  which  a 
through-hole  was  cut  in  order  to  increase  the  value 
of  vacuum  in  the  area  of  testing  units.  Basing  on 
available  experience  of  development  and 
operation  of  different  S/C  mechanisms  in  the 
conditions  of  outer  space,  it  is  possible  to  suppose 
that  a  pressure  around  the  testing  units  of  friction 
was  about  1C4  -  10‘5  Pa. 

First  FS  device  switch-on  was  executed  in  32  days 
after  the  launch  of  the  S/C.  FS  -device  staying  in 
duty  mode  during  long  period  of  time  was  planned 
in  order  to  determine  action  of  the  space 
environment  onto  the  structure  and  measurement 
systems  of  FS  -device,  onto  evaporating  process 
of  adsorbed  gases,  water  vapors  and  cleaning  of 
the  antifriction  coating  surface. 

Friction  coefficients  at  the  Moon  orbit 

First  seconds  of  testing  friction  assembly’s  work 
showed  practically  the  same  friction  torque  that 
had  been  received  at  the  launch  site.  This  could  be 
explained  by  the  fact  that  “input”  surface  layer  of 
the  lubricant  coating  didn’t  change  during  32  days 
under  the  open  space  factors  action. 

Throw  1,5  —  2,0  min  test  friction  coefficient  have 
value  for  scheme  “shaft-bush”  0,24-0,22  and  for 
scheme  “disc-indenter”  0,16-0,15.  Friction 
coefficient  to  the  end  of  the  first  communication 
contact  decrease  for  “shaft-bush”  to  0,14-0,10  and 
for  “disc-indenter”  to  0, 1 0-0,09. 


Beginning  high  value  of  the  friction  coefficient  of 
installed  friction,  and,  further  stabilized  at  the 
value  of  0,06-0,04. 

It  is  interesting  to  note  influence  of  FS  device 
presence  time  in  not  working  mode  onto  start 
friction  coefficient  during  tests  according  to 
scheme  “shaft-bush”.  If  time  of  not  working 
device  mode  was  from  20  to  76  days,  then  start 
friction  coefficient  increased  up  to  the  value  of 
0,21,  and  while  1  day  -  from  0,1  up  to  0,15.  These 
results  show,  that  M0S2  in  the  coating  has  so 
called  “stop-effect”,  -  increases  friction  torque 
while  start,  depending  on  time  interval  of  friction 
assembly  staying  in  not  working  mode.  The  same 
result  we  were  showing  on  the  scheme  “disk- 
indenter”. 

During  all  exploitation  period  in  the  space, 
temperature  inside  FS  body  and  temperature  of 
two  strain  meter  converters,  staying  in  not 
working  position,  had  average  values  of  10  -  12 
°C.  During  FS  work  temperature  of  its  body  was 
increased  up  to  28  -  35°C  and  its  value  depended 
on  duration  of  FS  functioning. 

CONCLUSION 

1.  The  autonomous  instrument  FS,  intended  for 
the  tribological  tests  according  to  kinematics 
configurations:  “shaft-bush”  and  “disc-indenter” 
was  developed  and  manufactured.  It  was  installed 
on  the  exterior  surface  of  the  “LUNA-22”  S/C  and 
during  1 5  months  it  was  subjected  to  the  series  of 
successful  measurements  of  tribological 
characteristics  on  the  Moon  orbit. 

2.  The  tests  on  the  Moon  orbit  established  a 
tendency  of  reducing  of  the  friction  coefficient  to 
some  limit  value  after  the  beginning  of  work  of 
the  joints,  which  keeps  independently  on  the 
number  of  activation’s  of  the  instrument  and 
duration  of  non-movable  contact.  The  starting 
friction  factor  increased  depending  on  the  duration 
of  the  FS  instrument  being  in  the  switched  off 
state.  This  argues  that  MoS2  has  the  so-called 
“stop-effect”. 

3.  On  the  basis  of  acquired  results  of  ground  and 
flight  tests  of  samples  of  pairs  of  friction  it  is 
implied  to  develop  the  guideline/technical 
documentation  (GTD)  necessary  for  provision  of 
tests  and  certification  of  antifriction  materials  on 
the  endurance  under  affect  of  factors  of  the  outer 
space  and  the  bringing  of  GTD  in  accordance  with 
the  international  requirements. 
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APPLICATION  OF  COMPOSITE  MATERIAL  "IPM-301"AT  TRIBO- 
JUNCTIONS  OF  SPACE  RADIOMETRIC  SYSTEM  "R-400" 


Kostornov  A.,  [Yuga  A|.,  Chevichelova  T.,  Simeonova  Yu.(1),  Nazarsky  T.(1) 

Frantsevitch  Institute  for  Problems  of  Material  Science  NUAS,  Kiev,  Ukraine 
(1)Space  Research  Institute  of  the  Bulgarian  Academy  of  Sciences,  Sofia,  Bulgaria 


The  complex  of  research  equipment  onboard  the 
MIR  Space  Station  used  to  study  the  Earth  from 
space  under  the  Priroda  International  Program 
comprised,  among  others,  the  Bulgarian  Scanning 
Radiometric  System  R-400  [1].  It  measured  the 
own  radiothermal  emission  of  the  Earth's  surface 
in  the  microwave  range  of  the  electromagnetic 
spectrum.  For  the  purpose,  a  twopolarization 
scanning  antenna  was  used,  operating  in  space 
vacuum. 

The  requirements  for  reliable  operation  in  space 
posed  a  specific  tribological  problem  to  be  solved 
in  the  process  of  designing  the  tribojunctions  of 
the  antenna  mechanism.  A  unique  self-lubricating 
composite  dty-friction  material  was  used, 
operating  within  the  temperature  range  from 
+50°C  to  -30°C. 

Space  conquer  revealed  the  complex  nature  of  the 
tribological  processes  taking  place  in  vacuum,  in 
the  absence  of  oxygen  and  moisture  in  a  highly 
diluted  medium,  without  convection  cooling  and 
traditional  lubrication  [2].  Under  these  conditions, 
contact  interaction  takes  place  at  higher 
temperature  and  plastic  deformation,  with 
increasing  adhesion  causing  intensive  wear, 
scuffing,  and  seizure  at  the  contact  place  [3].  This 
is  the  reason  why  failures  in  space  are  sometimes 
of  tribological  nature. 

Accounting  for  these  peculiarities,  in  constructing 
the  tribojunctions  of  the  system  R-400,  a  new 
copper-based  composite  material  was  used, 
alloyed  with  Mn  and  P,  and  containing  Pb  in  the 
form  of  globular  formations.  The  material  was 
developed  at  the  Institute  for  Problems  of  Material 
Science  of  the  National  Academy  of  Sciences  of 
Ukraine.  At  the  Space  research  Institute  of  the 
Bulgarian  Academy  of  Sciences  it  was  studied 
and  put  to  a  complex  test,  after  which  it  was  used 
at  the  tribojunctions  of  the  system  R-400  [4], 


quick  electron  defraction  method  (80  kev) 
revealed  that  it  represents  a  superposition  of  the 
three  cubic  lattices  of  Cu,  Mn,  and  P.  The  basic 
lattice  is  the  copper  one,  and  the  biggest  lattice  is 
the  lead  one.  Lead  is  present  in  the  form  of  an 
oxide  that  does  not  impair  the  constant  of  the  Cu 
lattice. 

Phosphorus  forms  a  solid  phase  (CU3P)  located 
along  the  grains  boundary.  It  restricts  plastic 
deformation  and  obstructs  the  formation  of 
scuffing  centers  at  the  contact  place  under  dry 
friction  in  vacuum. 


Manganese  also  forms  a  solid  phase  that  improves 
the  material's  strength,  not  impairing  its  plasticity. 


The  studies  revealed  that  the  material  represents  a 
heterogeneous,  relatively  plastic  compound 
containing  solid  phases.  Its  structure  is  shown  in 
Fig.  1 .  The  study  of  the  structure  performed  by  the 


Fig.l  -  Structure  of  the  material:  microstructure 
and  defractogram 
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Under  dry  friction,  as  a  result  of  increased 
temperature  and  plastic  deformation  as  well  as  the 
difference  in  diffusion  coefficients  and  linear 
expansion  of  Cu  and  Pb,  a  stimulated  diffusion  of 
lead  towards  the  surface  is  observed.  The  analysis 
of  the  friction  surface,  performed  by  the  method 
of  the  Auger-electron  spectroscopy  proves  this. 
On  the  spectrogram  of  the  surface  under  dry 
friction  in  vacuum,  a  manifested  peak  of  Pb  at 
96  ev  is  observed.  Its  intensity  increases 
depending  on  the  friction  regime. 

The  X-ray  microanalysis  reveals  that,  under  dry 
friction  in  air,  a  layer  of  oxidized  lead  is  formed 
on  the  surface  while  under  friction  in  vacuum  a 
layer  of  reduced  metal  lead  is  formed.  The 
quantity  and  surface  distribution  of  the  latter 
depend  on  its  distribution  within  the  material's 
structure  and  the  friction  regime.  These  two 
factors  determine  to  a  great  extent  the  antifriction 
parameters  of  the  surface  and  its  adaptability  in 
operation.  The  change  of  the  friction  coefficient 
points  to  the  same  fact.  Under  friction  in  air  it 
drops  from  0.34  to  0.18-0.20;  under  friction  in 
vacuum  (3.1 0-4  Pa)  it  drops  down  until  it  reaches 
the  stable  value  of  0.16  which  is  due  to  the 
formation  of  a  surface  lead  layer  acting  as  a  solid 
lubricant. 

Experience  shows  that  reduced  metal  lead  as  a 
lubricating  material  features  more  stable 
triboparameters  in  the  process  of  operation  which 


confirms  the  trouble-free  operation  of  the 
tribocouples  of  the  antenna  mechanism  of  R-400 
in  space  conditions  in  the  course  of  5  years  [5]. 
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PROBLEM  OF  MATERIALS  AT  ECONOMIC  HIGH-SPEED  START  OF 
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Necessity  to  delivering  in  space  of  a  plenty  of 
technological  cargoes  demands  search  of  new  less 
expensive  ways  of  their  delivery  in 
circumterraneous  space  that  would  provide 
economy  of  means  up  to  50  %. 

Search  conducts  both  on  a  way  of  creation  of 
electrodynamic  accelerators,  and  on  a  way  of 
creation  of  artillery  systems  capable  to  deliver  a 
cargo  in  space  [1, 2,  3]. 

It  represent  the  most  perspective  a  way  of  the 
dispersal  of  a  shell  mixed  in  many  stages  in  the 
vacuum  accelerator  (a  vacuum  gun).  At  the  first 
stage  the  shell  is  dispersed  as  in  the  usual 
instrument  by  influence  of  pressure  upon  a  bottom 
of  a  shell  on  technology  MIAIBN.  At  the  second 
stage  there  is  a  mixed  active  -  jet  dispersal  of  a 
shell.  At  the  third  stage  -  active  dispersal  due  to 
adiabatic  expansion  of  the  saved  up  gases. 

Additional  dispersal  of  a  shell  on  a  final  site  of  a 
trunk  is  made  on  the  electrodynamic  accelerator. 
After  the  second  stage  there  is  a  burning  in  a  trunk 
of  elements  of  a  design  of  jet  engines  that  results 
in  increase  of  energy  of  a  working  body  in  out-of- 
shell  space.  Components  of  a  working  body  are 
selected  such  that  they  could  provide  necessary 
speed  of  dispersal  of  a  shell  in  a  trunk. 

The  range  of  speeds  of  dispersing  can  be  within 
the  limits  of  30Q0  ...  11200  m/sec.  The  circuit 
with  additional  dispersal  of  a  shell  on  a  trajectory 
after  its  output  from  a  trunk  of  the  dispersed 
device  is  on  occassion  possible. 

For  simplification  of  the  circuit  of  work  of 
dispersing  device  the  stage  of  electrodynamic 
dispersal  can  be  excluded. 

Calculation  of  movement  of  a  shell  is  made  on  the 
equations: 


pks, 


(1) 


P  =  mcou  +  FCP :  -  FcPh ,  (2) 


A  =  E  = 


r- 1 


(4) 


For  decrease  of  expenses  for  overcoming  of  forces 
of  resistance  of  environment  to  movement  of  a 
shell  in  a  trunk  the  vacuum  before  a  shell  is 
created. 


The  vacuum  artillery  system  “Apogee-N”  for 
economic  high-speed  deducing  cargoes  in  space  is 
shown  on  fig.  1 . 


Figure  1.  The  vacuum  artillery  system  “Apogee- 
N” 

I  -  an  active  site  of  dispersal,  II  -  an  active-jet  site 
of  dispersal.  III  -  active  (an  adiabatic  site  of 
dispersal),  IV  -  an  electrodynamic  site  of 
dispersal. 

1  -  a  powder  charge,  2  -  the  plasmagenerator,  3  -  a 
shell,  4  -  a  trunk,  5,6  -  electrodes,  7  -  the  vacuum 
hatch. 

The  problem  of  materials  at  high-speed  dispersal 
of  the  device  is  solved  by  application  new  high- 
energy  fuels  for  the  charges  of  dispersal  burnt 
during  work,  high-strength  materials  for  units  of 
rocket  engines,  low  -  frictional  materials  for  pair 
friction  the  "trunk  -  shell",  new  high-strength  and 
wearproof  materials  for  units  and  details  of  the 
vacuum  dispersing  device.  In  a  design  of 
installation  are  used  new  composit  materials 
"Trainer",  "Luner"  and  "Shield". 
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The  problem  of  decrease  of  expenses  for 
overcoming  of  forces  of  friction  at  movement  of  a 
shell  on  directing  is  solved  by  application  of  new 
technology  of  its  moving.  At  dispersal  the  shell 
goes  in  a  trunk  in  a  gas  pillow.  Kinetic  friction  of 
pair  friction  "shell  -  trunk"  passes  in  internal 
friction  between  layers  of  the  gas  environment. 

FM)>105...105F„.  (5) 

The  Problem  of  decrease  of  initial  weight  of  the 
device  removed  in  space  is  solved  by  application 
in  the  discrete  rocket  engine  high-energy  fuels 
with  the  big  share  of  low-molecular  components. 
Capacity  of  the  rocket  engine  and  weight  of  the 
device  removed  in  space  expect  under  the 
formula: 

M0  =  MKew"  , 

rae 

M()  -  Initial  weight  of  the  device; 

Mk  -  Final  weight  of  the  device; 

Ur  -  Speed  of  the  device  after 
burning  out  of  fuel; 

Wh  -  Speed  of  the  expiration  of  a 
working  body. 

Speed  of  the  device  on  an  output  from  the  vacuum 
dispersing  device  will  consist  of  the  sum  of  speeds 
at  each  stage 

Vd=V\+V2+V }+Ved,  (?) 

where 


V/  -  Speed  of  the  device  after  active 
dispersal  at  the  first  stage,  the 
formula  (1); 

V2  -  Speed  of  the  device  after  active- 
jet  dispersal  at  the  second  stage, 
the  formula  (2); 

V}  -  Speed  of  the  device  after  an 
adiabatic  site  of  dispersal,  the 
formula  (3),  (4); 

Ved  -  Speed  of  electrodynamic  disper¬ 
sal. 

The  examined  way  of  dispersal  of  a  shell 
allows  to  provide  necessary  speeds  removing 
of  a  shell  in  space  at  speeds  of  a  throwing  8.. .  1 1,2 
km/sec  with  or  to  create  high  enough  starting 
speeds  (3... 7  km/sec)  with  the  further  additional 
dispersal  of  the  device  on  a  trajectory. 

Calculations  show,  that  at  application  of  vacuum 
artillery  system  for  removing  cargoes  in  space, 
decrease  of  expenses  on  30. ..50  %  is  provided. 
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DEVELOPMENT  OF  THERMAL  RESISTANT  AND  INSULATING 
STRUCTURES  OF  ADVANCED  REUSABLE  AEROSPACE  SYSTEMS 


Gofm  M.Y. 

NPO  Molniya,  Moscow,  Russia,  e-mail:  molgof@dol.ru 


The  design  problems  and  peculiarities  of  regular, 
nonregular  and  specific  zones  of  thermal 
protection  and  hot  structures  are  analyzed  for 
reusable  space  vehicles  BURAN,  SPACE- 
SHUTTLE,  HERMES  as  well  as  for  experimental 
space  vehicles  BORA  and  BOR-5. 

Special  attention  is  concentrated  on  thermal 
protection  design  in  areas  of  fuselage  connection 
with  wing,  fin  and  carbon-carbon  hot  structure 
elements.  Also  are  considered  joints  of  movable 
and  unmovable  aggregates  and  also  removable 
hatches  and  panels.  Advantages  and  disadvantages 
of  various  thermal  protection  types  are  discussed. 
Special  requirements  to  their  exploitation,  service 
and  repair  are  described. 
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HEAVY  WEAR,  HIGH  TEMPERATURE  AND  HIGH  STRESSES 
APPLICATION  OF  DETONATION  POWDER  SPRAYED  COATINGS. 

Kadyrov  V. 

Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kyiv,  Ukraine 


Nowadays  modem  metal  and  nonmetal  coatings 
do  really  penetrate  many  areas  of  manufacture  and 
research.  Such  areas  are:  aircraft  industry,  nuclear, 
metalworking,  textile,  petrochemical  and  polymer 
production,  metallurgy  and  steel  industry  [1,2,3], 

Creating  various  purposes  coatings  on  a  base 
substrate  is  an  essential  part  of  modem 
manufacturing  process  and  is  an  important 
direction  in  designing  advanced  materials  with 
unique  properties  in  future.  There  are  several 
different  technologies  to  apply  coatings  to 
substrates  including  conventional  plasma,  vacuum 
plasma,  wire  arc  metallizing,  high  velocity  oxy- 
fuel  (HVOF),  gas  detonation  processes.  Among 
these  processes  HVOF  and  gas  detonation 
technologies  are  capable  of  creating  premium 
quality  coatings  with  low  porosity  and  high 
adhesion  to  substrate,  suitable  for  applications  in 
extreme  wear,  heat  and  corrosion  aggressive 
surroundings.  There  are  several  limitations  of  high 
velocity  oxygen  fuel  process,  including  large 
volumes  of  the  combusted  gases,  high  thermal 
flux  to  the  substrate  to  be  sprayed  on  and  short 
lifetime  of  supersonic  nozzle.  These 
disadvantages  are  related  to  the  fundamental 
nature  of  this  technology  and  are  not  present  in 
gas  detonation  coating  process,  which  has 
physically  different  mechanisms  of  particle 
heating  and  acceleration.  This  report  discusses 
considerations,  which  affected  the  design 
decisions  in  the  creation  of  the  advanced  gas 
detonation  coating  processes  and  equipment  [4], 

With  simple  and  cheap  operation  and  excellent 
coating  quality  this  promising  process  represents 
important  direction  in  coating  technology  and  is 
used  in  various  branches  of  industry. 

Gas  detonation  equipment  was  originally 
developed  and  patented  in  USA  by  Union  Carbide 
Corp.  In  1955  [1]  and  independently  in  1969  at 
the  IPM  NAS  of  Ukraine  (Kyiv).  A  typical  gas 
detonation  coating  process  consist  of  the 
following  stages.  A  portion  of  fuel  gas  mixture 
(oxygen  and  acetylene,  for  example)  is  fed 
through  a  mixer  into  a  tubular  barrel  closed  at  one 
end.  Simultaneously,  a  powder  of  the  sprayed 


material  is  injected  through  a  powder  feeder 
before  the  explosion  is  triggered  by  a  spark  plug. 
Combustion  of  the  gas  mixture  leads  to  a 
detonation  effect  and  formation  of  a  high-pressure 
ultrasonic  wave,  which  propagates  the  hot  gas 
stream  and  heats  and  accelerates  the  powder 
particles.  The  resulting  powder  particle  velocity 
can  be  as  high  as  1200  m/s.  Collision  of  the 
powder  with  the  substrate  forms  a  high  density 
coating  with  strong  adhesion.  After  the  one 
spraying  cycle  is  finished,  the  powder  and  the  fuel 
mixture  are  injected  again,  and  the  process  repeats 
at  rates  of  up  to  15  shorts/sec. 

Technical  parameters  of  different  detonation  guns 
developed  by  different  research  and  commercial 
groups  in  Ukraine,  Russia  and  western  countries 
are  described. 

The  main  advantages  of  ADM-2D  (IPM  of  NASU 
and  NIC  “ADM”)  detonation  process  and  the  gun 
are  as  follows: 

•  Safe  and  efficient 

•  Improved  design  of  gas  distribution 
system 

•  Use  less  combustible  natural  fuel 

•  Eliminates  the  use  of  nitrogen 

•  Continuous  supply  of  the  combustion 
gas  mixture 

•  No  mechanically  moving  parts 
(valves,  gas  distributors) 

•  Higher  firing  frequency  (  frequency 
of  55Hz  was  demonstrated) 

•  Efficient  use  of  powder 

•  Low  (  1 50  °C-  can  be  further  reduced 
by  air  or  C02  flow)  temperature  of 
substrate  sprayed  on 

•  Operates  over  a  broad  range  of  gas 
flow  rates  and  gas  mixture 
proportions 

•  Ability  to  coat  thin  foils,  plastics  and 
composite  materials 

•  Minimal  power  supply  requirements 
(220V,  50/60  Hz  ,  200watts 

•  High  reliability,  longer  life  time  of 

chamber  and  barrel,  cheap  maintenance 

Properties  of  detonation  are  described. 
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Coating  properties  can  be  tailored  by  processing 
parameters: 

•  Spray  protocol  (stand  off  distance,  powder 
flow,  number  of  passes,  etc.) 

•  Substrate  condition  (composition, 
temperature,  preheating 

•  Controlling  the  microstructure  (  particle  size 
effects,  porosity/density  effects 

•  Phase  structure 

Detonation  coatings  are  the  best  for  many 
applications  in  aircraft,  metallurgy,  metal  working 
and  other  industries  with  severe  working  part 
stresses  and  environment.  It  is  caused  by  the 
following  coating  properties: 

•  Good  mechanical  properties  over  a  wide 
temperature  range 

•  High  resistance  to  thermal  and  mechanical 
cycling 

•  Good  dense  layers 

•  High  hardness  and  resistance  to  wear 

•  Resistance  to  corrosion  and  high 
temperature  oxidation 

•  Resistance  to  erosion  and  cavitation 

By  detonation  process  can  be  sprayed  broad  range 
of  materials,  including  metals,  ceramics,  alloys 
and  composites.  The  ideal  coating  material  does 
not  exist,  and  it  is  often  necessary  to  find  a 
suitable  coating  such  that  the  combined 
coating/substrate  system  can  satisfy  the  operating 
conditions.  The  choice  of  any  coating  for  a  given 
application  depends  on  operating  environment,  the 
substrate  material,  the  coating  availability  and 
economics. 

Detonation  gun  coatings  of  ceramic  and  cermet 
materials  have  achieved  widespread  application 
on  gas  turbine  engines  (new  coatings  and  repair) 
and  their  use  continues  to  grow.  The  coatings  are 
used  in  increasingly  demanding  environments, 
thus  successful  utilization  requires  a  thorough 
understanding  of  their  structure.  Areas  of 
application  within  the  engine  can  be  roughly 
separated  into  low  and  high  temperature  regimes 
(below  and  above  650  °C)  At  low  temperature, 
impact/fretting  wear  (e.g.  midspans  on 
compressor  blades)  erosion  resistance  (e.g.  knife 
edge  seals)  and  various  seals  and  bearings  (e.g. 
bearing  journals  and  bevel  gears)  are  of  concern. 
At  high  temperature,  impact/fretting  wear  (e.g. 
turbine  blade  Z-notches),  gas  path  seals  (e.g.  outer 
air  seals)  and  thermal  barriers  (e.g.  combustors 
and  aerofoils)  are  of  interest.  Each  area  requires 


one  or  more  coating  type  to  satisfy  the  specific 
requirements  to  a  given  engine.  The  most 
common  coating  types  include  tungsten  carbide- 
cobalt,  alumina,  chromium  carbide-nickel 
chromium,  a  new  family  of  cobalt  based  alloys 
with  alumina  or  chromia  dispersions.  Even  with 
the  introduction  of  more  advanced  engines,  the 
tungsten  carbide-cobalt  and  chromium  carbide- 
nickel  chromium  families  of  materials  continue 
their  dominance  in  the  low  temperature  regime. 
The  low  temperature  application  of  detonation 
coating  include  protection  against  impact  and 
fretting  (fan  and  compressor  blades),  fretting 
(variable  vane  synchronising  rings  and  bearings, 
compressor  rotor  tube),  sliding  adhesive  and 
fretting  (bleed  manifold  expansion  joint  liner  and 
sleeves,  bearing  seal  housing),  adhesive  (oil  pump 
gears). 

High  temperature  applications  are  include  not 
only  ceramic  and  cermet  materials  but  chromium 
carbide-nickel  chromium  materials,  which  have 
been  used  for  many  years  and  are  frequently  still 
the  best  choice.  The  high  temperature  applications 
of  detonation  coatings  include  protection  against 
fretting  wear  (stator  shroudes-vanes),  impact- 
fretting  wear  (blades),  rubbing  wear  (blades). 
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GAS  -  ANALYTIC  MEASUREMENTS  OF  BURNING  PROCESSES 

Vladislav  F.  Primiskii 

J-S.  Society  “Ukranalit”,  Kyiv,  Ukraine 


Utilization  of  solid  man-made  wastes  is  one  of  the 
actual  problems  of  large  mega-pol  ices.  In  Kiev  a 
waste-burning  plant  “Energia”  operates  more  than 
20  years;  annually  it  bums  about  50%  products  of 
the  city  vital  activity. 

In  1998-2000  the  specialists  of  “Ukranalit” 
developed  and  included  in  the  technological 
process  a  multi-level  system  of  ecology 
monitoring  and  control  of  burning  process  in 
accordance  with  the  results  of  gas  analysis. 

The  lower  system  level  consists  of  four  sets  of 
gas-analytic  technological  complexes  TK-1.  Each 
complex  consists  of  high-temperature  gas 
analyzer  O2  -1 5  lEchO  1(0-20%),  which  measures 
oxygen  concentration  directly  in  the  burning  zone, 
and  multi-channel  gas  analyzer 
325  FA01  (CO=0- 1 0%,CH=0-5000ppm,C02  =0- 
20%). 

High-temperature  probe  of  the  gas  analyzer  for  02 
measurement  is  introduced  directly  into  flame 
zone  via  a  flange  in  its  wall.  The  length  of  the 
probe  made  of  stainless  steel  can  be  various.  On 
the  probe  end  a  special  high-temperature  (600- 
1200  °C)  sensor  (Zi02 )  is  located  which  measures 
02  concentration  in  the  burning  zone.  The 
necessity  of  oxygen  control  in  power  plants, 
burning  various  kinds  of  fuel,  is  determined  by  the 
necessity  to  provide  optimal  proportion  fuel/air  in 
the  process  of  burning.  Considering  that  usually 
plants  operate  by  the  air  excess  factor  more  than 
1,  the  decrease  of  the  oxygen  concentration  in 
released  gases  by  1%  allows  to  decrease  fuel  loss 
by  2%.  The  information  signal  from  the  sensor  is 
transmitted  via  a  special  cable  inside  the  probe 
onto  the  electronic  block  with  digital  indicator 
board  located  inside  the  box  TK-1 . 

In  the  gas  analyzer,  using  the  method  of  infra-red 
spectroscopy,  concentrations  of  CO,  CH  and  C02 
are  automatically  measured  in  the  gas  output  of 
each  kettle.  Gas  analyzers  151Ech01-  electronic 
block  and  325  FA01  -are  mounted  in  a 
thermostatic  box. 


The  box  is  mounted  on  the  outer  wall  of  the  kettle. 
Measured  information  from  each  of  gas  analyzers 
is  transmitted  by  control  on  a  computer  in  the 
controller’s  office  by  a  special  cable  1000m  by 
length. 

Gas-analyzing  system  TK-1  allows  to  effect  real¬ 
time  measurements  of  the  composition  of  gas 
mixture  in  the  burning  zone  and  to  correct  the 
proportion  fuel/air.  The  TK-1  set  provided  the 
optimization  of  burning  processes  and  allowed  to 
save  5-6%  of  fuel. 

The  system  higher  level  is  an  ecology  complex 
EK-1,  which  is  mounted  on  gas  outputs  behind 
dust  electric  filters.  EK-1  is  based  on  gas  analyzer 
“Spectr  4”,  in  which  multi-input  optic  cuvette  was 
used  for  the  first  time.  This  allows  to  measure 
concentrations  of  CO,  S02  and  NO  in  wide  range: 
CO  (0-4.0g/m3),  N 0(0-5. Og/m3),  N02(0-6.0g/m3) 
and  S02(0-0.5  g/m3). 

Measured  information  is  also  transmitted  from 
EK-1  via  a  cable  in  the  controller’s  office  on  the 
monitor. 

Thus,  for  the  first  time  we  implemented  day-long 
persistent  control  of  gas  medium  in  technological 
processes  of  wastes  combustion.  The  system  use 
allowed  to  optimize  burning  process,  to  decrease 
fuel  consumption  and  toxic  gases  release  into 
atmosphere  and  to  increase  the  quantity  of  burned 
wastes  per  a  specific  fuel  unit.  Computer 
processing  of  measured  information  allowed  to 
archive  the  measurement  results  thus  enabling  to 
trace  deviations  from  normal  technological 
process  by  the  results  of  gas-analytical 
measurements. 

At  minor  finishing,  the  system  consisting  of  the 
sets  TK-1  and  EK-1  may  be  recommended  for 
introduction  on  power  plants-  heat-electrical 
plants  and  boiler-rooms,  and  in  technological 
processes,  connected  with  the  processes  of 
burning  natural  gas  and  mazut. 
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POLYURETHAN  ENAMEL 


Kuksenko  V.S.«  Vettegren  V.I.,  Nikiforov  V.V.(I) 

A.F.  Ioffe  Physico-Technical  Institute  Russian  Academy  of  Science,  Saint-Petersburg,  Russia 
(l)State  Unitary  Enterprise  “Central  Institute  of  Materials”,  Saint-Petersburg,  Russia 


For  protection  corrosion  of  metals  in  hard 
working  condition  (at  very  wide  temperature 
range  including  working  in  tropics)  during  a  very 
long  time  (20  years  and  more)  new  generation  of 
paint  and  varnish  materials  on  base  of 
polyurethan  binder  are  developed. 

Such  materials  are  not  produced  in  Russia.  For 
protection  of  metal  corrosion  are  used  the  film- 
forming  paint  and  varnish  materials  on  base  of 
epoxy  and  polyvinyl  chloride.  They  have  low 
values  of  stability  in  very  hard  working  conditions 
at  ultra  violet  light. 

We  developed  new  paint  and  varnish  materials 
They  are  enamels  on  base  of  production  in  Russia 


hydroxyl  containing  polyesters  strengthened  by 
polyisocyanates. 

New  enamels  have  a  very  stability  in  influence  of 
ultra  violet  light,  moisture,  and  corrosion  active 
gases  and  salts. 

They  have  very  high  adhesion  on  metals,  strength, 
and  elasticity. 

New  enamels  are  abrasive  stable. 

They  spread  well.  Shagreen  is  absent. 

The  enamels  can  format  the  good  covers  at  low 
temperatures. 
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THE  EFFECT  OF  T-IRRADIATION  ON  MAGNETIC  PROPERTIES  OF 

AMORPHOUS  ALLOYS  Fe-Si-B 

Maslov  V.,  Nosenko  V..  Taranenko  L.,  Neimash  V.(1),  Povarchuk  V.(I) 

Institute  of  Metallo-Physics,  National  Academy  of  Sciences  of  Ukraine,  Kiev,  Ukraine 
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The  effectiveness  and  reliability  of  the  inductiv 
elements  of  electric  circuits  (different 
transformers,  choke  coils,  etc.)  depends  from  the 
properties  of  magnetic  cores  that  are  the  parts  of 
inductive  elements.  Magnetic  cores  are  usually 
made  of  transformer  steel,  permalloy,  ferrite. 
Recently,  above-mentioned  traditional  materials 
are  being  successfully  replaced  with  the 
amorphous  alloys  produced  by  rapid  quenching 
from  the  melt  since  their  properties  exceed  the 
properties  of  conventional  crystalline  soft- 
magnetic  materials.  Iron  based  amorphous  alloys 
(base  system  Fe-Si-B)  posses  high  value  of  the 
saturation  induction  Bs=  1.4  -  1.6  T,  the  Curie 
temperature  Tc  (380-450C),  specific  electric 
resistance;  they  have  low  loss  in  the  core  (130- 
160Wt/kg  under  B=0.2T  and  lOOkhz),  and  can  be 
produced  easily  and  effectively.  The  range  of 
amorphous  alloys  applications  available  currently 
may  be  extended  into  new  areas.  Namely,  they 
could  be  used  for  the  manufacturing  of  inductive 
elements  of  electronic  and  electro-technical 
devices  for  space  apparatus,  control  and  safety 
systems  for  nuclear  power  plants  (devices  for 
secure  turn-off,  sensitive  elements  of  sensors 
measuring  pressure,  moving,  or  vibration), 

deflection  systems  for  charge  particles 

accelerators.  These  applications  require 
information  about  the  changes  of  magnetic 
characteristics  under  irradiation  regarding  the 
magnitude  of  changes  and  also  their  tendency. 
The  data  on  the  influence  of  different  radiation 
conditions  on  the  atomic  structure,  thermal 
stability,  and  crystallization  of  amorphous  alloys 
have  been  already  known  from  different 

publications.  However,  there  is  not  data 
concerning  the  influence  of  y-irradiation  on  the 
magnetic  properties  of  the  thermo-treated 

magnetic  cores  made  of  amorphous  ribbons, 
which  can  be  used  in  such  devices.  It  created  the 
reason  for  present  investigation.  This  research  is 
also  to  investigate  the  stability  of  irradiated  and 
non-irradiated  magnetic  cores  in  dependence  from 
time. 


~2*109  R)  on  the  dynamic  (1kHz)  magnetic 
properties  of  the  thermo-treated  toroidal  magnetic 
guide  made  of  Fevg^SUBuNiiMoos  (marked  as 
MG-3)  and  Fe75.5Si2Ni3.5M03  (MG-8)  alloys  of 
Metglas  2826MB  type  produced  by  rapid 
quenching  has  been  investigated.  A  standard 
induction-non-interrupted  method  was  used  for 
measuring  magnetic  properties  of  cores 
(frequency  1kHz).  The  saturation  induction  (Bs), 
half-width  of  dynamic  hysteresis  loop  Hc  at 
B=0.2T,  magnetic  permeability  (both  initial  pt  in 
the  field  of  0.1  A/m  and  maximal  p^),  and  also 
the  field  achieved  at  p™*  (Hp„,ax),  which 
characterizes  the  slope  of  p(H)  curve  were 
determined.  As-quenched  ribbons  from  MG-3  and 
MG-8  alloys  were  tested  as  for  the  presence  of 
diffusion  hallo  on  the  X-Ray  diffraction  curve  in 
the  range  of  the  first  peak.  This  testing 
demonstrated  that  they  were  similar  as  for  “X-Ray 
amorphousness”.  The  temperature  of  the 
beginning  of  crystallization  and  the  formation  of 
primary  crystals  a-Fe(Si)  were  determined  of 
480C  and  520C  correspondingly  for  these  two 
alloys  at  the  heating  rate  20K/min  that  indicated 
their  rather  high  thermal  stability.  The  Curie 
temperature  Tc  was  determined  of  363C  for  MG-3 
(due  to  higher  Mo  content)  and  276C  for  MG-8 
alloy.  The  initial  magnetic  permeability  of  both 
alloys  in  the  as-quenched  state  was  not  high 
(~350)  because  of  the  great  concentration  of 
different  structural  defects.  These  defects  and  the 
quenching  conditions  stipulate  significant 
quenching  stresses  in  such  material  as  well  as  the 
differences  in  local  chemical  and  topological 
atomic  structure.  In  its  part  it  may  result  in  the 
occurrence  of  magnetic  anisotropy  and  conditions 
for  fixing  magnetic  domains.  The  negative  impact 
of  the  factors  mentioned  is  usually  eliminated  by 
thermo-treating  leading  to  structural  relaxation 
and,  consequently,  to  the  improved  properties  up 
to  the  level  inherent  in  the  unique  amorphous  state 
of  metal  alloys. 

Due  to  the  relaxation  completed  the  amount  of  Hc 
and  pi  achieves  the  minimal  and  maximal  values 
correspondingly  at  the  annealing  temperature  of 
Ta  ~420°C,  which  is  the  optimal  temperature  for 


The  influence  of  hard  y-irradiation  (Co60  with  the 
energy  of  y-quanta  of  1.2  Mev,  exposing  dose 
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the  alloys  investigated.  It  is  seen  from  the 
dependencies  of  pi  and  coercive  force  He 
presented  for  the  MG-3  alloy  on  the  Fig.  1 . 


T°C 


Fig.l  go  and  He  behavior  at  heat  treatment  MG-3 

The  magnitude  of  Bs  is  revealed  to  be  the  same 
before  and  after  irradiation.  However,  the  main 
properties  of  magnetic  soft  materials,  such  as 
coercive  force  and  magnetic  permeability  have 
decreased  as  a  result  of  irradiation.  There  are 
definite  peculiarities  in  the  influence  of  irradiation 
on  ribbon  in  dependence  from  if  the  ribbon  was 
irradiated  in  just  as-quenched  state  (“y+TO”)  or  if 
it  was  irradiated  after  thermo-treating  (“TO+y”). 
The  values  of  pi  and  He  have  decreased  by  28- 
58%  in  the  both  alloys  investigated.  At  that,  jw 
intends  to  increase. 

The  properties  of  MG-8  are  changing  under 
irradiation  more  significantly  than  the  properties 
of  MG-3.  The  irradiation  influence  more 
essentially  the  properties  of  magnetic  cores  made 
of  as-quenched  ribbons  than  of  the  ribbons 
thermo-treated  before  the  irradiation.  It  was 
revealed  that  the  changes  of  magnetic  properties 
of  magnetic  cores  caused  by  irradiation  are 
capable  of  relaxing  during  long  exposures  at  the 
room  temperature.  The  relaxing  of  coercive  force 
is  less  detectable  then  the  changes  of  magnetic 
permeability  p(.  The  changes  are  different  in 
dependence  from  alloy  content  and  the  mode  of 
irradiation,  as  it  shown  by  Fig.2. 


TO  420*C,  15  mhh. 

1  -  HeO&TYHCHHHH  (flOHOK.  C6JMCTHHK 


Fig.2  The  influence  of  gamma-irradiation  and 
long  exposure  (to  25  month)  at  the  room 
temperature  on  the  magnetic  permeability  of  MG- 
3  and  MG-5  alloys.  1  -  nonirradiated;  2  - 
irradiated  after  thermo-treating;  3  -  irradiated 
before  thermo-treating. 

The  deterioration  of  the  magnetic  properties  of 
previously  thermo-treated  alloys  under  irradiation 
could  be  explained  by  the  formation  of  the  short- 
range-order  structure  defects. 

These  defects  are  capable  of  changing  the 
conditions  of  atomic  exchange  interaction  and, 
consequently,  influencing  the  formation  of 
magnetic  domains  and  the  mobility  of  their 
boundaries.  Slow  annealing  of  defects  at  the  room 
temperature  is  probably  the  cause  of  the  gradual 
relaxation  of  magnetic  properties.  In  the  case  of 
irradiation  before  thermo-treating  the  radiation 
defects  and  radiation-induced  diffusion  may 
influence  the  annealing  of  quenching  stresses  in 
the  material. 
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BEHAVIOR  OF  n-Si  ELECTRICAL  PARAMETERS  AFTER  A  HIGH- 
TEMPERATURE  1  MeV  ELECTRON  IRRADIATION 


Nei.mash  V.,  Kras’ko  N.,  Kraitchinskii  A.,  Tischenko  V.,  Voitovych  V.,  Simoen  E.(l),  Claeys  C.(2) 
Institute  of  Physics,  National  Academy  of  Science  of  Ukraine,  Kiev,  Ukraine 
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(2)E.E.  Dept,  KU  Leuven,  Belgium 


The  lattice  defects  induced  by  a  “low” 
temperature  irradiation  of  silicon  are  not  stable  at 
room  temperature.  It  is  well  known  that  the  A- 
centres,  that  are  traditionally  key  recombination 
levels  in  lifetime  engineering  by  particle 
irradiation,  are  completely  annealed  after  some 
minutes  at  350°C  and  after  2-3  years  at  room 
temperature.  This  annealing  behaviour  can  be  an 
important  problem  for  the  practical  application  of 
radiation-based  defect  engineering  of  silicon 
materials  and  components.  One  possible  path  for 
solving  this  problem  is  performing  the  irradiation 
at  high  temperatures.  In  this  case  the  parameters 
of  the  irradiated  devices  are  stable  at  room 
temperature  during  almost  unlimited  time. 
Therefore  the  study  of  the  nature  and  properties  of 
radiation  defects  (RDs),  induced  in  silicon  during 
a  high-temperature  irradiation,  has  strong 
technological  potential.  One  side-aspect  to  be 
concerned  with  in  Czochralski  (CZ)  silicon  is  the 
formation  of  oxygen  containing  thermal  donors 
(TDs)  that  are  generated  at  temperatures  in  the 
range  350-500  °C.  The  influence  of  “hot”  nuclear 
radiation  on  TD  generation  is  very  poorly 
investigated. 

The  purpose  of  our  work  was  to  obtain 
information  about  the  nature  and  rate  of  RDs  and 
TDs  generation  under  a  1  MeV  electron 
irradiation  at  450°C  of  n-type  CZ  Si.  We 
investigated  the  influence  of  that  “hot  irradiation” 
on  the  conductivity  at  20°C  by  the  4-probe 
method,  while  the  RDs  were  studied  by  the  Deep 
Level  Transient  Spectroscopy  (DLTS)  method. 
The  concentration  of  free  electrons  at  room 
temperature  was  calculated  from  the  conductivity, 
assuming  that  the  mobility  is  constant.  The 
investigated  samples  were  parallelepipeds  with 
sizes  of  10x5x3  mm.  They  were  heated  up  to 
450°C  by  the  absorption  of  power  from  the 
electron  radiation  (a  current  density  I  =  8  pA/cm'2 
has  been  employed).  The  scheme  of  the  “hot” 
irradiation  experiment  is  shown  in  fig.  1.  The  1 
MeV  electron  beam  (3)  illuminates  perpendicular 


one  of  the  major  sides  of  the  sample.  A  hole  (4) 
with  a  diameter  1,2  and  a  depth  of  5  mm  was 
drilled  in  one  of  small  sides  to  house  a  platinum 
thermocouple,  which  was  used  for  temperature 
control  and  as  support  for  the  sample.  Full 
absorption  of  1  MeV  electrons  happens  in  silicon 
at  a  depth  of  2  mm.  The  temperature  difference 
between  the  irradiated  and  dark  side  of  the  sample 
did  not  exceed  0.5°C  due  to  thermal  conduction. 
Therefore,  TDs  were  generated  during  irradiation 
in  the  region  close  to  face  2  in  fig.  1,  while  the 
dark  side  (1  in  a  fig.  1)  was  heated  to  450°C 
without  direct  exposure  to  electron  damage. 


Fig.  1.  Schematic  sample  configuration  for  the 
“hot”  electron  irradiation. 

The  initial  parameters  of  the  investigated  samples 
are  shown  in  Table.  1,  namely,  the  carrier 
concentration  (n0),  the  interstitial  oxygen 
concentration  ( N0 )  and  the  substitutional  carbon 
concentration  Nc. 
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Tabl 


No 

sample 

1013  cm'3 

N0 

10l7cm'3 

Nc 

1016cm‘3 

1 

9,1 

<5 

<5 

2 

10,5 

9 

<5 

e  1 


The  study  of  the  sample  with  the  small  oxygen 
concentration  (N°  1)  should  provide  information  on 
the  generation  of  RDs  at  450°C.  TD  generation  in 
such  crystals  is  very  small.  The  sample  with  the 
high  oxygen  concentration  is  expected  to  be 
affected  by  simultaneous  RD  and  TD  generation 
during  the  450°C  electron  irradiation. 

DLTS  on  Au  Schottky  barriers  revealed  clearly 
the  generation  of  an  acceptor  type  of  radiation 
defect  (activation  energy  -  Ec  -  0.3  eV)  in  n-Si 
after  “hot”  electron  irradiation.  The  DLTS-spectra 
for  both  sides  of  sample  JVg  2  after  the  thermal- 
radiation  treatment  are  illustrated  in  fig.  2.  The 
absolute  trap  concentration  cannot  be  accurately 
determined  because  of  the  large  relative  density, 
but  is  estimated  to  be  of  the  same  order  of  the 
background  donor  concentration. 
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The  application  of  materials  in  hazard  conditions 
depend  on  their  thermophysical  properties  and 
properties  of  media,  in  which  these  materials  are 
used.  Thermophysical  property  database 
developed  by  the  authors  includes  more  than  2000 
tables  of  physical  characteristics  of  different  gases 
and  liquids.  The  tables  have  been  drawn  up  by 
means  of  analysis  and  generalization  of  more  than 
470  original  literature  sources.  The  experimentally 
studied  regions  of  the  reference  parameters  have 
been  expanded  to  cover  and  very  low 
temperatures,  including  the  extreme  states. 

The  improved  system  of  data  presentation  allowed 
us  to  include  the  following  new  features: 

•  the  thermodynamic  data  for  ionized  states  of  a 
number  of  substances; 

•  the  thermodynamic  and  transport  property  data 
for  the  critical  region  of  a  large  number  of 
substances; 

•  new  experimental  thermodynamic  tables  for 
alkali  metals  and  mercury; 

•  the  database  covers  a  number  of  new 
substances  such  as  deuterium  and  other 
isocompounds  of  hydrogen. 

Thermophysical  property  database  developed  by 
the  authors  is  based  on  "Handbook  of  Physical 
Properties  of  Liquids  and  Gases”,  by  N.  B. 
Vargaftik,  Yu.  K.  Vinogradov  and  V.  S.  Yargin 
which  was  published  by  Begell  House  Inc.,  USA, 
1996.  Collected  in  this  book  is  a  large  and 
comparatively  new  experimental  material  on 
thermophysical  properties  of  liquids  and  gases. 
HPLG  (Handbook  of  Physical  Properties  of 
Liquids  and  Gases)  relational  database  uses  Visual 
FoxPro  5.0  for  Windows  98  providing  full 
integration  into  the  family  of  applied  Microsoft 
and  the  quick  search  of  the  information  of  the 
user's  concern.  The  service  programs  of 
operational  search  as  well  as  those  of  sampling 
selection  organization  by  a  single  or  several 
criteria  from  table  data  are  performed  by  Visual 
FoxPros. 0  for  Windows  98  and  SQL  language. 
HPLG  database  enables: 

•  to  make  the  search  of  thermophysical  properties 
of  different  substances  both  by  the  groups  of 
substances  and  by  separate  properties, 


•  to  look  up  the  whole  table  or  to  move  smoothly 
in  the  table  represented  on  to  the  monitor  screen, 
as  well  as  to  show  on  the  screen  the  reference  to 
the  sources  used  while  constructing  the  data  table, 

•  to  make  the  data  selection  from  the  tables  by  a 
single  or  several  criteria  and  to  give  the  results  as 
separate  tables  or  graphs, 

•  to  represent  the  table  data  in  different  system 
units, 

•  to  perform  the  interpolation  on  table  values,  to 
replace  and  to  modify  the  source  tables  . 

A  service  of  thermophysical  property  table  value 
interpolation  has  been  developed,  since  the  tables 
are  usually  given  by  the  authors  for  round 
temperature  and  pressure  values,  which  is  not 
always  good  for  the  users.  The  service  allows  to 
calculate  an  interpolation  error  by  a  residual  term 
value,  which  is  especially  important,  as  the  values 
obtained  by  interpolation  in  the  field  of  dramatic 
thermophysical  properties  change  (e.g.,  in  the 
field  of  the  phase  transfer  or  critical  area)  may 
prove  to  be  unreliable.  Two-argument 
interpolation  ability  is  provided  for. 

The  database  also  uses  a  service  of  representing 
the  table  data  by  thermophysical  properties  in 
different  system  units.  The  user,  after  opening  the 
Units  menu,  can  choose  the  measurement  units  of 
this  or  that  thermophysical  property  of  the 
substance. 

The  database  service  can  comprise  that  of 
working  with  references.  This  is  an  effective 
search  and  output  of  references  applied  for 
particular  table  construction  on  to  the  computer’s 
display.  Sampling  selection  organization  from  a 
full  or  a  particular  list  of  references  by  a  single  or 
a  few  parameters  is  provided  for. 

The  description  service  gives  brief  description  of 
substances  used  in  each  particular  group,  table 
comments,  approximation  and  other  equations  and 
coefficient  values  of  these  equations,  as  well  as 
the  most  typical  graphs  of  thermophysical 
properties  and  their  errors. 

This  database  is  demonstrated  to  day  at  this 
conference.  We  should  be  very  glad  to  discuss 
is  disadvantages  and  advantages  with  the 
colleagues. 


532 


SECTION  E. 

EXPERIMENTAL  DATA  OBTAINED  FROM  PERFORMANCE  OF  MATERIALS  AND  COATINGS  IN  ON  LOCATION 

HAZARD  CONDITIONS 


EXPERIMENTAL  INVESTIGATION  OF  HIGH-TEMPERATURE 
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The  hyperthermal  heat-shielding  materials  widely 
applied  in  engineering  are  intended  to  provide  in 
conditions  of  operational  thermal  actions  given 
level  of  permissible  temperatures  of  structural 
items  these  materials  are  put  on.  Contrary  to 
hyperthermal  heat  insulation  the  series  of  such 
heat-shielding  materials  at  a  particular  level  of 
thermal  actions  is  partly  blown  (destroyed),  thus 
taking  a  part  of  applied  heat  flow. 

With  the  help  of  gas-dynamic  plasmotrone  facility 
with  two-dimensional  nozzle  the  tests  of  the 
samples  with  thin-layer  hyperthermal  covering 
(TLHC),  intended  for  short-lived  protection  of  a 
metal  construction  from  the  influence  of  a  heat 
flow,  were  carried  out.  Tests  of  the  rectangular 
type  samples  (with  dimensions  in  plane  near  200  x 
350  mm)  were  conducted  at  lowered 
environmental  pressure  near  16,5  mbar  and  heat 


flow  from  15  kW/m2  up  to  40  kW/m2. 
Experimentally,  using  temperature  variations  of 
substratum  and  working  surface  of  the  sample,  the 
parameters  of  heat-shielding  coating  material’s 
destruction  are  determined:  temperature  of 
destruction  and  the  heat-shielding  effect  of 
inflation  of  destruction  products'  vapor  in  near¬ 
wall  stratum.  It  was  shown,  that  these  parameters 
directly  depends  on  the  level  of  applied  heat  flow, 
and  temperatures  of  destruction  for  the 
investigated  material  were  from  550°K  up  to 
700°K. 

The  results  of  the  tests  have  been  used  for 
improving  of  heat-shielding  coating  of  TLHC 
thickness  procedure  of  calculation  for  metal 
structural  items  with  different  permissible 
temperature  of  operation. 
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Work  capacity  of  articles,  which  one  are  in 
contact  interplay,  in  many  cases  is  instituted  by 
their  wear  [1].  Common  means  of  strife  with  it  is 
the  lubricant,  which  one  safeguards  interacting 
parts  from  forward  contact.  However  at 
heightened  temperatures,  in  conditions  of  high  off 
loading  the  lubricant  can  not  be  utilized.  In  many 
cases  for  the  applicable  operation  of  dodges  on 
interacting  surfaces  put  wear-resistant  coatings. 
The  in-service  experience  of  parts  of  ambulances, 
instruments  and  technological  casing  hardware 
with  protective  coating  has  shown,  that  on  aspects 
of  deterioration  of  composition  a  coating  -  ground 
the  phenomena  cracking  at  early  stages  of 
operation  are  proper  [1,2,3]. 

Carbides  coating  on  a  surface  of  steel  Y8A  4 
hours  in  a  self-contained  reaction  space  plotted  at 
the  temperature  of  1323  K  and  soak  period  at 
underpressure.  As  starting  reagents  have  utilized 
dusts  of  transitional  metals  (titanium,  vanadium, 
chrome),  perchloromethane,  carbon  containing  of 
the  component  [3],  Bodies  coating  realized  in 
carbide  of  boron  at  the  temperature  of  1 198  K  and 
soak  period  4  hours  [2].  Phase  composition  of 
coatings  instituted  on  a  X-ray  diffractometer 
X1POH  2.0  in  copper  radiating.  The  metallurgical 
surveys  realized  on  an  optical  microscope  « 
Neophot  21  ».  A  microhardness  metered  on  a  gear 
nMT  -  3,  furnished  system  permitting  to  record 
the  curve  of  a  loading  in  coordinates  an  offloading 
on  indentor  -  depth  of  an  intrusion  of  a  pyramid. 

Microhardness,  index  of  microfragility  carbides 
and  borides  of  coatings,  adhesion  of  a  coatings 
and  fundamentals  instituted  under  the  method  of 
application  [4]  at  analysis  of  the  curve  of 
impression  indentor  of  a  gear  IIMT  -  3.  At 
formation  of  radial  fracture  of  length  With  on  the 
curve  an  offloading  -  the  strain  will  be  deviated  a 
site  at  an  off  loading  Pt,  that  allows  to  define 
microhardness  on  a  following  proportion 

aMII=  PT/C2. 

The  fracture,  is  disposed  on  boundary  coverage  - 
steel,  mirrors  a  level  of  an  adhesion  a  coverage  - 


ground,  and  the  magnitude  Pt  /C2  institutes  a 
stress  of  a  bond  liftoff  of  a  coating  oBn. 

As  an  index  of  microfragility  it  is  offered  to 
utillize  a  dimensionless  index  g,  reflective  an  off 
loading  of  crack  initiation  Pt,  size  of  radial 
fracture  with,  gross  capacity  on  indentor  the 
launcher  and  sizes  of  a  friable  impression  at  an  off 
loading  of  the  launcher  -  dH 

r= c2  p f/du  Pmp 

Thus  the  index  of  microfragility  mirrors 
correlation  between  a  microhardness  and 
microhardness  for  particular  structural  and  tension 
of  diffusive  bed. 

The  tribotechnical  trials  conducted  on  the 
ambulance  of  abrasion  of  a  MT  -  68  under  the 
circuit  a  barrel  -  rod  [5].  As  a  material  opposite 
skew  field  have  utilized  65r  steel,  well-tried  and 
tempered  on  hardness  HRC  51.  The  trials 
conducted  at  off  loading  5-10  MPa  and  slip 
velocities  of  5-15  m/s.  A  wear  evaluated  on 
variation  of  linear  dimensions  of  a  sample  of 
abrasion,  referred  to  a  path.  A  flat  surface  not 
adjusted  is  model  allows  to  supervise  during 
abrasion  of  a  feature  of  deterioration  of 
composition  coating  -  steel  and  to  place  the 
moment  of  a  beginning  of  breaking  down  of  a 
coating  and  kinetics  of  shaping  of  a  hitch  of  a 
wear.  A  wear  evaluated  on  resizing  a  hitch  in 
time. 

Besides  the  trials  test  on  abrasive  and  erosive 
stability  were  held. 

The  analysis  of  received  datas  has  shown,  that  a 
maximum  level  of  adhesive  interplay  with  steel 
Y8A  have  carbides  of  a  coating  including  chromes 
and  borides  of  a  coating. 

In  operation  is  established,  that  the  off  loading  of 
crack  initiation  Pt,  echoing  property  of  a  coating 
material  to  an  elasto-plastic  strain  in  a  zone  of 
contact  with  indentor  to  the  moment  of  a 
beginning  of  driving  of  fracture,  depends  on  many 
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factors.  The  ambiguous  dependence  Pt  from  a 
microhardness  is  confirmed  by  that  factor,  that  the 
lowest  values  Pt  were  fixed  for  carbides  coating 
VC,  and  highest  for  boride  FeB.  Thus  value  of  a 
microhardness  of  datas  of  coating  differ 
unsignificantly. 

The  least  sizes  of  fracture  were  established  for 
coatings  such  as  VC  and  FeB.  The  coatings  with  a 
maximal  microhardness,  such  as  TiC,  (Ti,  V)  C, 
differ  by  maximum  ratings  of  an  index  of 
microfragility  and  low-level  values  of 
microhardness.  The  coatings  Cr23C6,  C^Q-;  are 
characterized  by  high  microhardness  and  low 
index  of  microfragility,  yielding  however  by 
magnitude  of  an  index  of  microfragility  to  boride 
FeB. 

As  is  indicated  in  operation  in  conditions  of  a 
sliding  friction  without  lubricant  the  lowest  values 
of  a  friction  coefficient  for  slip  velocities, 
accepted  in  operation,  (5-15  m/s)  and  load  range 
(5-10  MPa)  were  established  for  coatings  TiC, 
(Ti,  V)  C  -  0,23.  In  ascending  order  of  friction 
coefficient  of  a  coating  it  is  possible  to  arrange  in 
a  following  series:  carbides  of  chrome  -  0,25, 
carbides  of  a  vanadium  -  0,27,  borides  ferri  lactas 
-  0,28. 

The  experimental  outcomes,  received  in 
operation,  have  shown,  that  carbides  and  borides 
of  a  coating  30  times  effectively  increase 
endurance  of  steel  Y8A  in  2,5  -  depending  on  a 
method  of  trials. 

Thus  the  highest  outcomes  have  shown: 

•  At  abrasion  slip  without  lubricant  without 
preliminary  reseat  of  conjugated  surfaces  - 
coverage  such  as  VC,  V2C; 

•  At  a  sliding  friction  without  lubricant  with 
preliminary  reseat  of  surfaces  -  coverage  such  as 
(Ti,V)C,  TiC; 

•  At  abrasive  deterioration  -  coating  such  as 
Cr7C3,  Cr23C6; 

•  At  erosive  deterioration  -  coating  such  as 
TiC,  (Ti,V)  C. 

In  operation  the  necessity  of  usage  for  an  adequate 
estimation  of  different  aspects  of  deterioration  of 
protective  coating  of  such  performances  of  a 
material  is  rotund:  microhardness,  index  of 
microfragility,  adhesive  interplay  in  composition 
steel  -  coating. 


It  is  possible  to  consider,  that  microhardness, 
index  of  microfragility  are  in  effective 
performances  complementary  a  microhardnesses 
and  reflective  influencing  of  a  tension,  the 
patterns,  presence  of  defects  of  a  coating  material 
on  his  stability  to  deterioration  at  different  test 
specifications. 
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ON  ULTRASONIC  ELECTRIC  ARC  METAL  SPRAYING  ONTO  THE 
CRANK-UP  PINS  OF  DIESEL  ENGINES  BY  FLUX-CORED  WIRES 

Sergeyev  V.V.,  Spiridonov  Yu.L.,  Tret  yak  M.S.(I),  Chuprasov  V.V.(1),  Lunyov  A.N.(2), 

Zharkov  L.K.,  Sergeyev  M.V.<2) 

Scientific-Industrial  Complex  “Yuna”,  Kazan,  Russia 

(1) National  Academy  of  Sciences,  Minsk,  Belourus' 

(2)  Kazan  State  Technical  University,  Kazan,  Russia 


Rebuilding  of  worn-out  machine  parts  and 
recovery  of  their  high  service  characteristics 
gradually  lost  due  to  wear  is  one  of  the  most 
important  problems  of  repairing  technology.  A 
method  for  rebuilding  of  wom-out  machine  parts 
is  the  method  of  electric  arc  metal  spraying 
rapidly  introducing  now  into  everyday  practice. 
The  method  is  very  effective  and  is  distinguished 
by  low  expenses  and  manufacturing  cost.  At  our 
enterprise,  this  method  is  successfully  used  for 
more  than  ten  years  to  recover  the  wom-out  pins 
of  crankshafts  used  in  the  carburettor  internal 
combustion  engines  of  light  cars  (of  up  to  80  h.p. 
in  power).  At  the  same  time,  the  rebuilding  of 
worn-out  crank-ups  of  high  power  diesel  engines 
didn't  give  any  positive  results.  In  the  process  of 
spraying,  the  coatings  were  applied  by  spraying 
the  wires  of  grade  65  G. 

Studying  the  characteristics  of  coatings,  we 
established  the  fact  that  it  is  necessary  to  provide 
high  adhesion,  hardness  and  low  porosity  of 
coatings  with  proper  regard  for  heavy-duty 
operational  conditions  of  crank-up  pins  in  diesel 
engines  where  the  specific  loads  exceed  more  than 
60  MPa.  In  the  now-existing  metal-spraying 
pistols,  spraying  of  compressed  air  through  the 
cylindrical  nozzle  with  inlet  pressure  of  5-6  MPa 
uses  the  large-drop  mechanism  of  wire  melting. 
As  a  result,  there  forms  a  coating  that  possesses 
large  porosity,  low  bonding  strength,  and  hardness 
due  to  small  velocity  of  particles  flight, 
insufficient  dispersion  of  parts  in  metal  melt, 
intensive  bum-out  of  alloy  components,  especially 
carbon,  from  wire;  there  bums  out  of  up  to  60  % 
of  carbon  and  15  %  manganese  and  silicon.  As  a 
consequence,  the  porous  and  soft  coating  in 
operation  of  diesel  engine  was  densified  due  to 
high  specific  loads  and  the  engine  began  to 
“knock”.  The  velocity  of  particles  flight  at  a 
distance  of  150  mm  is  no  more  than  160  m/s.  A 
smaller  distance  is  not  used  habitually  due  to 
some  peculiarities  of  crankshafts  design. 


In  order  to  eliminate  the  above-mentioned 
drawbacks,  we  developed  the  metal-spraying 
pistol  with  ultrasonic  outflow  of  air.  We  carried 
out  the  calculations  of  the  pistol  gasodynamic 
characteristics  to  obtain  the  optimal  ultrasonic 
outflow  of  air,  and  also  the  calculations  of  the 
nozzle  exit  section  parameters  at  which  the 
additional  reduction  of  metallized  jet  takes  place. 
The  metal-spraying  pistol  makes  it  possible  to 
adjust  the  rate  of  air  outflow;  the  calculated  rate  of 
outflow  varies  from  340  m/s  to  430  m/s.  In  doing 
it,  the  air-metallization  iet  with  the  spray-cone 
angle  of  no  more  than  9°  is  being  formed.  In  the 
present-day  pistols,  it  is  impossible  to  obtain  the 
spray-cone  angle  of  no  less  than  40°.  As  the 
spraying  metal,  use  is  made  of  the  flux-cored  wire 
PP-TP-1.  Use  of  such  wires  makes  it  possible  to 
regulate  the  chemical  and  phase  composition  of 
the  coating  in  wide  limits,  and  ensure  thereby  the 
desired  service  characteristics  such  as  wear- 
resistance,  corrosion  resistance,  hardness,  and 
density;  it  offers  new  possibilities  for  increasing 
the  service  life  of  parts  reclaimed.  So,  the  flux- 
cored  wires  which  are  based  on  iron  and  which 
have  aluminium,  manganese,  and  chromium  in 
their  blends  are  meant  for  creation  of  wear- 
resistant  coating  that  run  under  conditions  of 
sliding  friction  (frequently  with  limited  or  poor 
lubrication)  or  during  short  periods  of  time  at  dry 
friction  conditions. 

Sizes  of  the  sprayed  particles  and  their 
granulometric  composition  influence  significantly 
on  the  service  characteristics  of  coatings.  They  do 
not  only  specify  the  particles  velocity  and 
temperature  but  also  the  chemical  composition  of 
a  coating  influencing  upon  the  completeness  of 
chemical  reactions  run  in  two-phase  jet  and  on 
surface.  We  managed  to  obtain  particles  of  150 
pm  in  dia  (90  %);  the  maximum  of  their 
distribution  is  in  the  range  of  50-100  pm,  which  is 
significantly  smaller  as  compared  with  the 
subsonic  outflow  of  air  where  the  overwhelming 
majority  of  particles  has  the  diameter  of  more  than 
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100  pm.  We  can  thus  confirm  the  fact  that 
influence  of  gasodynamic  forces  of  ultrasonic  air 
jet  on  formation  of  particles  of  100  pm  in  dia  is 
dominating. 

In  the  course  of  studies  of  coating  microstructure 
we  established  that  all  coating  have  a  peculiar 
laminar  structure,  insignificant  porosity,  and  small 
quantity  of  unmelted  particles.  The  oxide  layers 
are  thin  ;  at  XI 000  magnification,  there  observed, 
in  some  separate  particles,  martensite,  pearlite, 
troostite,  and  also  oxides  along  the  boundary 
surfaces.  Thickness  of  the  deformed  particles  in  a 
coating  is  approximately  10  pm.  Distribution  of 
phases  in  a  coating  is  highly  uniform  ,  without  any 
aggregations.  We  observed  some  separate  local 
aggregations  of  porosity  which  may  probably 
caused  by  metal-spraying  pistol  operation. 
Coating  porosity  is  on  the  average  4,5%;  we  must 
note  that  porosity  near  the  boundary  surface 
“coating-base”  is  higher  which  is  connected  with 
operation  of  synthetic  corundum  at  sandblasting. 

Measurements  of  coating  hardness  showed  that  it 
varies  from  section  to  section.  The  measurements 
of  coating  hardness  prior  to  grinding  gave  the 
value  of  51-56  HRC.  After  grinding  and  removal 
of  layer  of  1,0  mm  thick  hardness  decreased  and 
was  only  of  42-47  HRC.  Hardness  of  a  similar 
coating  at  its  application  with  subsonic  metal¬ 
spraying  pistol  was  no  more  than  37  HRC  and 
mounted  to  28-36  HRC. 

Adhesion  is  one  of  most  important  characteristics 
that  determines  the  operational  capabilities  and 
service  life  of  the  part  repaired  and  it  must 
obviously  be  sufficiently  high,  at  least,  not  smaller 
than  the  value  of  pressure  applied  by  the 
connecting  rod  upon  the  crank-up  pin  via  the 
insertion  piece. 


At  the  same  time,  in  the  course  of  studies  on 
influence  of  detonation  coatings  on  the  substrate's 
strength  characteristics  we  established  the  fact  that 
all  characteristics  of  strength  deteriorate  as 
adhesion  increases  and  it  results  in  premature 
rupture  of  parts.  The  bonding  strength  of  electric 
arc  coatings  PP-TP-1  applied  by  using  the 
ultrasonic  air  jet  was  more  than  52  MPa;  the  force 
of  current  has  not  exerted  any  significant 
influence  on  adhesion,  but  increase  in  velocity  of 
air  jet  outflow  (or  increase  of  air  flowrate)  results 
in  increase  of  adhesion  from  29  MPa  to  52  MPa. 

Owing  to  these  studies,  the  technological  process 
of  rebuilding  the  worn-out  crank-up  pins  of  diesel 
engines  has  been  successfully  introduced  into  the 
practice  of  maintenance  shops.  At  present,  we 
have  succeeded  in  rebuilding  of  more  than  2000 
crankshafts  of  buses  “IKARUS”.  The  maximal 
run  between  repairs  is  more  than  150000  km.  Also 
rebuilt  is  more  than  120  crankshafts  of  trucks 
“KAMAZ”;  here,  the  run  with  no  any  traces  of 
wear  is  60000  km.  We  have  rebuilt  also  three 
crankshafts  of  the  bus  “Mercedes”  with  failure- 
free  run  from  72000  to  8 1000km. In  all  these 
cases,  service  of  crankshafts  is  continued. 

In  the  scientific-industrial  complex  “Yuna”  there 
was  built  the  shop  for  repairing  the  crankshafts, 
camshafts,  and  other  parts  of  automobiles  and 
agricultural  motor-vehicles  by  gas  thermal 
spraying. 

In  this  shop  there  are  three  stadions  for  rebuilding 
of  parts  by  ultrasonic  electric  arc  metal—  spraying, 
plasma  installation  UPU-8,  gas-flame  installation, 
two  machines  for  crankshafts  grinding,  automated 
sandblasting  chamber,  and  other  equipment. 
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DETONATION  SPRAYING  AS  THE  EFFECTIVE  TECHNOLOGY  FOR 
INCREASING  LIFE-TIME  OF  HEAVY-DUTY  GTE  COMPRESSOR 

BLADES 

Sergeyev  V.V.  Spiridonov  Yu.L.,  Lunyov  A.N.(,) 

Scientific-Industrial  Complex  ZAO  “Yuna”,  Kazan,  Russia 
(1)Kazan  State  Technical  University,  Kazan,  Russia 


To  eliminate  the  self-excited  vibration,  a  number 
of  various  blade  designs  of  high-,  medium-,  and 
low-pressure  compressors  is  equipped  with  the 
antivibration  flanges  which  form,  when  touching 
in  -between  along  their  corresponding  contact 
surfaces,  the  strengthening  ring.  When  acted  upon 
by  the  natural  airstream  and  inevitable  vibrations, 
the  contact  surfaces  of  flanges  have  to  run  at  rigid, 
extremal  conditions:  if,  for  example,  the  blade 
temperatures  vary  from  230K  to  730K,  the  contact 
surfaces  suffer  from  high  specific  pressures 
accompanied  by  severe  vibration.  As  a  result, 
there  occurs  very  rapid  wear  of  blades  and  their 
further  deterioration  of  operation  may  result  in 
blade  breakdown  and  creation  of  emergency 
situations.  The  analysis  of  different  methods  for 
increasing  wear-resistance  of  the  flange  contact 
surpaces  showed  that  the  most  promising  method 
is  the  method  of  coatings  application  by 
detonation  spraying.  This  method  makes  it 
possible  to  ensure  the  wear-resistant  coatings  of 
different  composition  on  the  contact  surfaces  of 
antivibration  flanges  of  GTE  compressor  blades. 
The  coating  compositions  used  possess  high 
physico-mechanical  properties  such  as  adhesion, 
cohesion,  hardness,  wear  resistance,  porosity,  and 
the  like. 

With  detonation  spraying,  coatings  are  sprayed 
due  to  the  action  of  detonation  products  (oxygen 
and  gaseous  fuel  mixtures)  on  particles  (granules) 
of  powder.  At  detonation  explosion  of  fuel 
mixture  in  the  set-up  tube,  the  particles  are 
heated-up,  accelerated,  and  sprayed  on  a  part.  The 
speed  at  which  the  powder  particles  reach  a  part  is 
equal  to  700  m/s. 

To  ensure  high  quality  of  coatings,  we  have 
developed  the  “compact”  powder  VK-15  in  which 
the  features  of  detonation  spraying  are  taken  into 
account;  in  composition,  it  consists  of  tungsten 
carbide  (WC)  and  cobalt.  To  these  features  can  be 
related  such  ones  as  the  oxidizing  medium,  action 
of  shock  waves  and  high-speed  flows,  products  of 
detonation,  disintegration  of  powder  particles  with 
different  masses,  and  high  temperature. 

One  of  most  efficient  techniques  for  elimination 
of  harmful  action  on  the  powder  sprayed  is  the 


creation  of  special  composite  powders;  unlike  the 
mechanical  mixture  VK-15,  such  special  powder 
is  distinguished  by  compact  structure  of  every 
granule  where  the  disperse  hardening  WC 
particles  are  distributed  uniformly  in  the  cobalt 
matrix.  This  matrix  reliably  protects  WC  particles 
from  harmful  action  of  oxidizing  medium  of 
detonation  products.  All  the  powder  granules  each 
are  constructed  with  due  regard  for  the  basic 
requirements  imposed  on  baked  hard  alloys: 
optimal  combination  of  solid  hardening  phase  of 
WC  and  plastic  matrix  made  from  cobalt;  absence 
or  minimal  interaction  between  them  in  powder 
production  process.  WC  phase  size  is  3... 5  pm 
and  the  distance  between  them  is  0,4...  1pm.  The 
size  of  a  granule  itself  is  20... 40pm;  it  is 
sufficiently  hard  and  cannot  be  disintegrated 
under  the  action  of  shock  waves  and  high 
pressures  of  detonation  products.  This  specially 
developed  powder  took  the  name  “compact” 
powder  VK-15  V. 

For  purposes  of  detonation  spraying,  we  have 
developed  the  detonation  set-up  (DS)  which 
makes  it  possible  to  adjust  the  temperature  and 
kinetic  parameters  of  detonation  products  within 
wide  range  of  values.  The  rate  of  the  set-up  fire  is 
6,6  cycles  per  second;  it  makes  it  possible  to 
reduce  time  of  powder  granules  stay  in  detonation 
products  without  any  deterioration  of  coating 
characteristics.  Also  provided  is  the  pulse  delivery 
of  powder  into  the  set-up  tube;  this  feature  ensures 
strictly  preset  position  of  compact  powder  cloud 
in  the  set-up  tube;  alongside  a  significant 
economy  of  materials,  it  makes  it  possible  to 
impart  equal  speed  to  powder  particles.  The  set-up 
design  makes  it  possible  to  adjust  the  powder 
cloud  position  in  its  tube  ( time  of  delay  ).  Also 
provided  is  a  possibility  to  adjust  temperature  and 
rate  of  detonation  products  using  propane  as 
gaseous  fuel  instead  of  acetylene,  and  adding  inert 
gas  in  gas  mixture  composition. 

After  evaluation  of  technological  DGS  regimes  by 
a  degree  of  their  action,  we  divided,  on 
conditional  basis,  the  coating  spraying  regimes 
into  "soft”,  ’’moderate”,  and  ’’rigid”  regimes.  In 
“soft”  regime,  the  temperature  and  kinetic 
parameters  of  detonating  mixture  are  minimal, 
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whereas  in  “rigid”  regime  they  are  maximal.  In 
the  course  of  our  studies,  we  have  examined  a 
number  of  coating  characteristics  and  established 
the  fact  that  in  studying  the  wear-resistance  of 
coatings  in  the  presence  of  fretting  corrosion,  an 
increase  of  temperature  and  kinetic  parameters  of 
detonation  products  results  in  changes  of  coatings 
wear  type.  If,  for  example,  the  average  linear  wear 
for  the  coatings  VK-15V  and  VK-15  sprayed  in 
“soft”  regimes  was  correspondingly  0,8  and  3pm, 
the  wear  observed  in  “rigid”  regimes  was  2,8  and 
5,1pm,  respectively  (Fig.l).  After  testing,  the 
friction  path,  the  coatings  VK-15  appear  as  the 
smooth  polished  lustrous  surfaces  without  any 
signs  of  destruction.  At  the  same  time,  in  “  rigid” 
regimes  we  can  observe  cracks  and  the  process  of 
spalling  on  the  friction  path.  The  phenomenon  is 
caused  by  the  fact  that  WC  particles  of  compact 
powder  are  reliably  protected  from  the  action  of 
decarbonization  and  that  there  are  more  plastic 
cobalt  bonds  in  a  coating  and  considerably  smaller 
quantity  of  intermetallides  and  fragile  double 
carbides.  In  connection  with  the  fact  that  the 
blades  of  high-and  medium-pressure  compressors 
suffer  from  high  temperatures.  We  studied  wear- 
resistance  of  coatings  at  temperatures  of  up  to  873 
K  and  revealed  that  wear  nature  remains 
unchangeable  until  the  temperature  773  K  is 
reached  and  that  the  wear  is  minimal. 

At  higher  temperatures  (more  than  773  K)  the 
wear  nature  dramatically  changes  and  we  observe 
significant  local  damages  whose  depth  increases 
with  increase  of  temperature. 

60  52 

1  2 

Fig.l.  Comparison  of  wear-resistance  of 
detonation  coatings  from  titanium  alloy  in  the 
presence  of  fretting  corrosion:  T=293  K,  1  .VT-8; 
2.VK-15V,”soft”  regime;  3.VK-15,  “soft’  regime; 
4.  VK-15V,  “rigid”  regime;  5.  VK-15,  “rigid” 
regime. 

The  herein-presented  studies  made  it  possible  to 
reveal  a  significant  influence  of  detonation 
spraying,  i.e.,  thermodynamic  parameters,  upon 
the  structural  phase  of  coatings  and  adhesion.  Up 
to  59%  of  WC  content  in  coatings  VK-15V 


sprayed  in  “soft”  regimes  is  retained  (from  the 
initial  composition  of  85  %). 

When  spraying  in  the  “rigid”  regimes,  we 
managed  to  retain  no  more  than  20  %  of  WC. 
Microhardness  increases  here  from  9,2  GPa  to  1 8 
GPa,  whereas  the  content  of  free  cobalt  decreases 
from  1 2%  to  1%. 

When  spraying  in  “rigid”  regimes,  content  of 
fragile  phases  -  intermetallides  and  double 
carbides  -  drastically  increases  in  the  coatings 
VK-  15V. Adhesion  of  coatings  increases  from  68 
MPa  to  150  MPa  and  the  structure  of  coating  VK- 
15V  sprayed  in  “soft”  regimes  is  improved;  the 
number  of  pores  ,  broken  surfaces,  and  oxide 
inclusions  is  significantly  reduced. 

The  phases  are  distributed  uniformly  which  is 
confirmed  by  studies  of  coatings  in  the 
characteristic  rays. 

In  the  course  of  our  studies,  we  have  established  a 
significant  influence  of  temperature  and  kinetic 
parameters  of  detonation  products  on  the  fatigue 
strength  in  the  specimens  made  from  titanium 
alloys;  such  influence  is  exerted  to  the  largest 
degree  by  the  detonating  mixture  composition. 
The  rate  of  the  negative  reaction  of  WC  reduction, 
changes  of  structural  inhomogeneity  of  coatings 
and  their  adhesion  were  varied  most  effectively 
due  to  the  action  of  temperature  and  the  rate  of 
detonation  products  efflux.  Both  parameters  were 
varied  at  increase  or  decrease  of  oxygen  content  in 
the  detonating  mixture,  dilution  of  mixture  by 
inert  gas,  and  use  of  less  heat-generating  fuel  gas; 
in  other  words,  the  regimes  were  changed  from 
“rigid”  to  “soft”  regimes.  In  the  “rigid”  regime, 
we  observe  a  decrease  in  the  fatigue  limit  of 
titanium  alloy  from  480  MPa  (without  coating)  to 
100  MPa.  Adhesion,  structural  inhomogeneity, 
phase  variations,  microhardness  are  in  this  case 
maximal.  In  “soft”  regimes,  the  fatigue  limit 
increases  up  to  300  MPa.  At  the  same  time,  a 
slight  increase  of  temperature  and  rate  of 
detonation  products  (“moderate”  regime) 
increases  the  fatigue  limit  up  to  380  MPa. 

Making  use  of  the  special  “compact”  powder  VK- 
15  and  adjusting  the  temperature  and  kinetic 
parameters  within  wide  range,  we  can  thus  create 
wear-resistive  coatings  as  applied  to  the  specific 
conditions  of  GTE  compressor  blade  service. 

Based  on  the  results  of  the  herein-presented 
studies  of  coatings,  we  established  the  fact  that  the 
coatings  suffering  from  fretting  corrosion  and 
cyclic  loads  inherent  for  GTE  compressor  blades 
in  operation  must  be  sufficiently  plastic  and 
capable  to  relax  stresses  caused  by  external  loads 
(even  at  the  expense  of  adhesion). 
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EROSION  RESISTANCE  OF  "SiC  SKELETON  CEMENTED  DIAMOND” 

MATERIALS 

Gordeev  S.K..  Guglin  D.N,  Danchyukova  L.V.,  Zhukov  S.G. 

Central  Research  Institute  for  Materials,  Saint  Petersburg,  Russia 


Carbide  materials  are  known  to  have  good 
mechanical  properties,  even  at  high  temperatures. 
As  a  special  group  silicon  carbide  ceramics  is 
formed  both  as  sintered  (SiC)  or  reaction-bonded 
(Si/SiC).  High  hardness  and  wear-resistance,  low 
coefficient  of  thermal  expansion  (CTE)  and 
excellent  stability  at  high  temperatures  in  air 
characterize  the  group.  The  combination  of 
properties  of  silicon  carbide  ceramics  provides 
significant  advantages  by  their  specific  parameters 
and  mostly  by  specific  elastic  modulus.  Properties 
of  SiC-ceramics  are  further  improved  via 
reinforcement,  for  instance,  by  whiskers  and 
fibers. 

Analyzing  the  combination  of  properties  of  SiC- 
ceramics  and  other  materials  shows  that  one  of  the 
best  reinforcement  materials  for  them  is  diamond. 
It  has  excellent  mechanical  and  thermal 
properties,  comparing  very  favorably  with  silicon 
carbide.  This  is  the  reason  why  we  consider 
reinforcement  of  SiC-ceramics  by  diamond 
particles  to  result  in  production  of  composites 
with  unique  combination  of  elasticity,  thermal 
conductivity,  hardness  and  wear  resistance. 

We  have  developed  novel  superhard  materials  and 
named  them  SiC-skeleton  cemented  diamond 
(ScD).  ScD  represents  a  group  of  superhard 
materials,  in  which  diamond  particles  are 
cemented  by  a  silicon  carbide  matrix  (or  skeleton) 
[1].  It  may  be  supposed  that  a  combination  of  two 
phases  with  high  hardness  (diamond  and  silicon 
carbide)  in  one  material  makes  it  extremely  high 
wear-resistant.  The  main  feature  of  ScD 
distinguishing  it  from  the  known  superhard 
materials  (diamond,  cBN),  is  a  possibility  to 
produce  ScD  in  the  form  of  articles  of  complex 
shapes  and  large  sizes,  thus  using  the  net-shape 
technology.  This  feature  allows  to  consider  ScD 
as  a  special  type  of  engineering  ceramics  with 
unique  properties  by  wear  resistance,  rigidity, 
thermal  conductivity,  CTE.  By  controlled  varying 
composition  and  properties  of  materials,  as  well  as 
production  of  gradient  materials  with  non-uniform 
distribution  of  diamond  particles  throughout  the 
material  volume  it  is  possible  to  easily  adapt  ScD 
for  different  fields  of  application.  High  hardness 


and  wear  resistance  of  ScD  allow  us  to  expect  its 
stability  in  extreme  conditions  such  as  in 
conditions  of  abrasive  particles  stream. 

The  studies  were  aimed  to  determine  erosion 
resistance  of  ScD  materials  and  to  compare  them 
with  other  wear  resistant  materials. 


Fig.l.  Dynamics  of  erosion  of  cemented  carbide 
BK-6  (1)  and  of  ScD  materials  based  on  diamond 
powders  10-14  pm  (2)  and  a  mixture  of  grains  50- 
63  pm  (60%)  and  10-14  pm  (40%)  (3) 

Wear  resistance  was  determined  by  a  method 
analogous  to  ASTM  G76  [2],  The  gas  blast 
erosion  used  a  stream  of  high-pressure  gas  to 
accelerate  a  stream  of  particles  through  a  nozzle 
towards  to  test  sample.  The  sample  was  held  at  the 
distance  and  angle  of  the  nozzle  for  the  test 
system.  Working  distance  in  our  experiments  was 
40  mm.  Angles  of  impact  were  45°  and  90°. 
Nozzle  size  was  7.6  mm  diameter  and  80  mm 
long.  Aluminium  oxide  with  particle  size  250- 
500pm  was  used  as  erodent  material.  For  the 
studies  we  used  samples  20  mm  diameter,  which 
were  placed  in  a  stream  of  abrasive  particles  so 
that  one  of  the  surfaces  was  totally  covered  by  the 
stream.  Wear  was  determined  by  gravimetric 
measurement  and  then  calculated  as  volume  wear 
and  erosion  depth. 

The  studies  have  shown  that  wear  resistance  of 
both  ScD  materials  and  cemented  carbide  linearly 
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increases  with  time  of  tests  (Fig.l).  It  is  seen  that 
erosion  resistance  of  ScD  materials  compares 
much  favorably  with  wear  resistance  of  cemented 
carbide. 

The  obtained  results  of  wear  resistance  of  ScD 
prepared  from  diamond  micropowders  have 
shown  that  ScD  materials  have  high  wear 
resistance  (Table  1).  Wear  resistance  of  ScD  is  10 
times  greater  compared  with  cemented  carbide 
(BK-6).  The  greatest  resistance  was  obtained  on 
materials  prepared  of  the  mixture  of  diamond 
micropowders.  One  of  the  reasons  maybe 
attributed  to  an  increased  volume  concentration  of 
diamonds  in  such  materials.  However,  the 
dependence  on  concentration  is  not  linear:  relative 
diamond  consumption  of  the  "mixture"  materials 
turns  out  to  be  significantly  less  in  comparison 
with  materials  prepared  from  narrow  diamond 
grain  range  micropowders. 


Table  1 .  Erosion  resistance  of  ScD  and  cemented 
carbide 


Diamond  particle 
size  (jim)  in 
composition  of  ScD 

Wear  rate,  pm/min 
(at  angle  of  impact) 

90° 

45° 

10-14 

10.2 

9.9 

20-28 

26.7 

- 

(20-28)+(2-3) 

2.3 

2.1 

(50-63)+(10-14) 

13.0 

13.2 

Cemented  carbide 
BK-6 

105 

102 

Thus,  during  the  studies  it  was  determined  that 
ScD  materials  have  high  erosion  resistance.  Wear 
resistance  of  ScD  materials  significantly  depends 
on  the  material  structure,  whereas  methods  for 
optimization  of  the  material  structure  and 
achievement  of  extremely  high  wear  resistance  are 
known. 
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ANTIBURNING  PAINT  FOR  COATING  THE  CAST  IRON  EQUIPMENT 
USED  IN  CASTING  ALUMINIUM  AND  CAST  IRON  ALLOYS 

Baranova  T.F.,  Kelina  I.Ju.,  Savanina  N.N. 

Federal  State  Unitary  Enterprise  “Obninsk  Research  and  Production  Enterprise 
“TECHNOLOGIYA”,  Obninsk.  Russia 


Antibumig  paint  (ABP)  is  intended  for  coating  cast 
iron  molds,  in  particular  grinding  bodies  (balls) 
and  cast  iron  lingots  for  aluminium  alloy  casting. 
The  main  parts  of  ABP:  a  filler  with 
aluminosilicate  composition  (for  instance,  mullite- 
corundum  chamot,  mortar,  etc.)  and  a  binder 
(liquid  glass,  aluminoboronphospate  concentrate). 

The  filler  ensures  high  thermal  resistance  and 
refractoriness  of  the  coating.  High  dispersity  of  the 
filler  powders  is  responsible  for  the  technological 
stability  of  the  ABP  suspension. 

The  hiding  power  and  a  smooth  coating  surface  of 
ABP  depend  on  the  ratio  of  the  suspension 
components.  They  are  optimum  at  y  =  1.12  — 
1.16  g/cm3. 


Factory  tests  were  carried  out  at  Close  Stock 
Company  “KUUSKOSKI”  (Vyborg,  Leningrad 
region)  in  the  process  of  aluminium  casting: 
200  lingots  were  filled  10  -  12  times  during  one 
cycle  of  filling  (a  total  of  three  cycles  with  the 
duration  of  4  hours  each  were  carried  out).  It  was 
found  that  the  quality  of  the  paint  is  suited  to  the 
requirements  placed  upon  it.  The  paint  compares 
well  with  home  made  analogs  in  its  characteristics 
and  it  is  superior  to  home  made  analogs  in  labour 
consumption  for  stripping  the  spent  coating  and  in 
the  consumption  of  the  paint  per  one  ton  of 
products. 

The  service  life  of  the  molds  in  case  of  casting  the 
cast  iron  balls  25  -  120  nm  in  diameter  is  500  - 
1000  fillings. 
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STUDY  OF  MATERIAL’S  CONDITION  OF  TURBINE  BLADES  IN  GAS 
TRANSFER  EQUIPMENT  AFTER  USE 

Tsariova  I.N.,  Tarasenko  Yu.P.,  Myshlaev  D.A.,  Sorokin  V.A. 

Scientific  and  Production  Company  “Tribonika” 


The  working  blades  are  the  most  critical  components 
in  gas  transfer  equipment.  They  operate  in  severe 
conditions  being  simultaneously  attacked  by  high 
temperature  and  stresses.  In  the  case  of  long-duration 
use  and  in  the  consequence  of  fatigue  processes,  of 
corrosive  and  erosive  medium  attacks,  the 
physicochemical  and  structural  changes  take  place, 
which  have  an  effect  on  the  serviceability  of  blades. 

In  order  to  determine  the  remaining  service  time  and 
the  possibility  to  recondition  (return  to  service)  the 
material  serviceability,  we  have  studied  the  state  of 
blades  in  nickel  heat-resistant  alloy  of  low-pressure 
turbine  (LPT)  with  running  time  of  ~  21000  hours. 

The  alloy’s  phase  composition  after  use  is  established 
by  X-ray  analysis  and  by  metallography:  y-solid 
solution  of  alloying  elements  (Cr,  Co,  W,  Mo,  Ti,  Al, 
Fe,  C,  B)  in  nickel,  intermetallide  strengthening  y- 
phase  Ni3(TiAl)  and  carbonitrides  of  complex 
composition. 

As  a  result  of  heat  action  the  surface  of  blade’s  edge 
was  exposed  to  a  high-temperature  oxidation  with 
NiCriC^  formation  and  it  was  depleted  by  alloying 
elements.  The  thickness  of  defective  layer  is  15-40 
pm.  The  studies  of  sub-structure  of  y-phase  in  the 
depth  up  to  10  pm  have  revealed  the  presence  of  the 
dispersion  in  the  structure  of  the  grain  with  blocks’ 
size  from  120  to  350  nm.  The  commination  of  sub¬ 
grains  is  a  consequence  of  dislocations’  collective 
motion  and  of  sub-grains’  formation  at  plastic 
deformation  processes.  The  micro-deformations  in 
FFC-Ni  grains  on  the  surface  layer  of  blades  exceed 
by  one  order  the  micro-deformations  in  the  core  of 
blades. 

By  the  method  of  X-rays  “sliding”  beam  it  was 
received  the  density  distribution  of  chaotic  and 
boundary  dislocations  along  the  depth  of  surface 
layer.  The  maximum  density  of  defects  takes  place  on 
the  depth  of  2-3  pm.  In  the  core  of  blade’s  edge  and 
blade’s  lock  the  dislocation’s  structure  has  changed 
slightly. 


determined  the  strong  strengthening  in  the 
layer  of  1,5  pm.  The  surface  micro-hardness 
exceeds  by  ~  2  times  the  hardness  of  the  base 
and  is  equal  to  800  kg/mm2.  The  thickness  of 
modified  zone  is  equal  to  100  pm.  The  strength 
of  edge’s  metal  after  use  is  higher  than  in 
blade’s  tail.  It  was  noted  the  decrease  of 
impact  toughness. 

The  shown  modifications  of  the  structure  and 
of  physical  -  mechanical  features  are  typical 
for  the  established  stage  of  the  fatigue  -  strain 
hardening.  As  per  micro-hardness  and  modulus 
of  elasticity  the  index  of  material  ductility  was 
determined.  It  was  revealed  the  significant 
degradation  of  ductile  features  after  use. 

To  estimate  the  remaining  service  time  it  was 
applied  the  method,  which  is  based  on  the 
correlation  of  ductility  coefficient  and  long¬ 
term  strength.  The  conclusion  was  done  about 
a  high  degree  of  the  brittle  failure’s  probability 
in  the  case  of  further  blades’  use  and  also 
about  the  expediency  of  repair  in  due  time. 

On  the  basis  of  performed  studies  it  was 
developed  the  technology  to  recondition  the 
serviceability  (i.e.  return  to  service)  of  blades 
in  low-pressure  turbine.  The  technological 
cycle  includes:  the  operations  of  surface’s 
machining  and  electro-pulse  treatment,  the 
reconditioning  heat  treatment,  the  applying  of 
ion-plasma  heat  resistant  coating. 

The  proposed  repair-reconditioning  technology 
allows  to  extend  the  service  life  of  turbine 
blades. 


The  structural  studies  are  confirmed  be  the  results  of 
mechanical  tests.  According  to  the  micro  -hardness 
measurements  along  the  indentation’s  depth  it  was 
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COVERS  FOR  THE  INVESTIGATION  OF  STRESSED  -  STRAINED  STATE 
FOR  THE  CERAMIC  CONSTRUCTIONS 

Railvan  V.S.,  Rusin  M.Yu.,  Pestov  A.V.,  Gratsiansky  Yu.  A.,  Irkov  V.I. 

Federal  State  Unitary  Enterprise  “Obninsk  Research  and  Production  Enterprise 
“TECHNOLOGI Y A”,  Obninsk,  Russia 


Wide  applications  of  new  materials,  especially 
ceramics,  in  engineering  leads  to  the  need  for 
improvement  of  conventional  methods  of  research 
and  development,  in  particular  the  methods 
estimation  of  stressed  -  strained  state  of  the 
constructions.  The  mostly  often  used  approach  to 
stressed  -  strained  state  of  the  constructions  is 
tensimetry.  At  comparatively  low  temperature 
T  <  373K  the  wire  tensoresistors  are  used 
successfully.  At  higher  temperatures  this  method 
gives  large  errors  cuused  by  the  difference  of 
thermophysic  characteristics  of  ceramics, 
tensoresistors  material  and  the  adgesive  used.  The 
compensating  methods,  used  in  studies  of  metallic 
constructions  are  not  very  effective  for  ceramics. 
To  widen  the  range  of  investigation  one  should 
use  the  peculiar  features  of  ceramics,  i.e.  dielectric 
properties  and  porosity.  These  features  make  it 
possible  to  apply  directly  to  the  ceramic  surface 
the  sensitive  element  of  the  sensor,  produced 
powderlike  electricity  conducing  materials. 

At  creation  of  the  conducting  of  the  layer  at  the 
expense  of  filling  with  electricity  conducting  fine 
disperse  powder,  its  resistance  when  heated  will 


depend  mainly  on  the  thermal  expansion  of  the 
ceramics. 

The  results  are  presented  for  the  research  of 
deformation  of  the  surface  of  ceramics  samples  at 
thermal  loading  up  to  400°C.  The  powder  on  the 
base  of  tin  oxide  as  used  as  a  high  temperature 
cover.  The  alloy  of  silver,  applied  directly  to  their 
sample  under  investigation  was  used  for  electric 
contacts.  Also  the  results  are  presented  of  research 
in  estimation  of  the  surface  deformation  at  room 
temperature  using  the  high-  resistance  graphite 
covers. 

Theoretically  and  experimentally  are  grounded  the 
methods  for  sensitivity  increase  in  estimation  of 
deformations  in  ceramic  constructions  of  technical 
ceramics  in  comparison  to  conventional  tensimetry 
using  wire  sensors.  The  relations  of  cover 
electrophysical  properties  and  surface  temperature 
are  shown.  The  results  of  the  investigation  prove 
that  the  current  conducting  covers  on  the  base  of 
tin  oxide  are  able  to  work  for  estimation  of 
mechanical  deformation  as  a  result  of  thermal 
impact  at  temperatures  up  to  400°C. 
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PERFLUOROPOLYMER-CONTAINING  HYDROPHOBIC 
HETEROGENEOUS  CATALYST 

MuidinovM.R. 

Institute  of  Problems  of  Chemical  Physics  of  RAS,  Chemogolovka,  142432  Moscow  region,  Russia 


Removal  of  trace  amounts  of  hydrogen  in  atomic 
power  stations,  electrochemical  and  radiochemical 
plants,  in  closed  systems  (such  as  space  systems 
or  the  underwater  fleet),  all  with  high 
requirements  to  safety,  is  an  especially  actual 
problem.  For  its  solution,  the  catalysts,  which 
stably  bum  down  trace  amounts  of  hydrogen  at 
room  temperature  and  often  in  wet  conditions,  are 
required. 

In  the  literature,  the  way  of  stability  improvement 
of  palladic  catalysts,  which  permits  to  retain  high 
catalytic  activity  during  hydrogen  oxydation  at  a 
relative  humidity  of  reaction  medium  higher  than 
70  %,  is  not  discovered. 

Best  present-day  industrial  hydrophobic  catalyst  is 
obtained  with  the  use  of  Teflon  F-4DW 
suspension  as  hydrofobizator.  The  particle  sizes 
for  the  dust  of  this  suspension  make  parts  of  a 
micrometer.  They  significantly  (approximately  on 
the  order  of  magnitude)  exceed  pore  sizes  of  the 
support,  so  the  particles  do  not  penetrate  into  its 
bulk  and  do  not  protect  its  surface  entirely  during 
impregnation  [1].  In  the  course  of  hydrogen 
oxydation  up  to  the  water,  the  hydrated  layer  is 
promptly  formed  on  unprotected  surface  of  the 
hydrophilic  support  of  the  industrial  catalyst.  On 
such  support,  the  surface  of  catalytic  agent  proper 
is  also  coated  with  water,  and,  as  a  result,  its 
activity  is  sharply  reduced.  Therefore,  known 
catalytic  systems  for  burning  down  the  hydrogen 
can  effectively  oxidize  molecular  hydrogen  up  to 
the  water  only  at  high  enough  temperature  (60- 
100  °C)  and  considerable  gas  phase  hydrogen 
content  (>  3  %  vol.). 

The  method  of  updating  the  catalysts  for  hydrogen 
burning  down  offered  by  us  consists  in  forming 
thin  (2-5  nm)  polymeric  coverage  by  graft 
polymerization  of  fluoromonomer  adsorbed  on  the 
support  surface.  Such  method,  while  rising 
hydrophobicity,  longevity,  endurance  and  stability 
of  a  catalyst  support,  allows  retaining  of: 

♦  high  specific  rate  of  catalytic  process  of 
hydrogen  burning  down  at  a  relative  humidity 
of  reaction  medium  higher  than  70  %; 


♦  high  specific  surface  area  of  the  catalyst. 

Besides,  the  modified  catalyst  acquires  stability  to 
inhibitors  of  process  of  catalytic  oxydation  of 
hydrogen  and  does  not  lose  high  catalytic  activity 
in  the  course  of  time. 

The  catalysts  have  passed  approbation  in  model 
life-support  systems  of  the  closed  objects  [2,  3]. 

Chemically  bound  with  catalyst  carrier  surface 
and  evenly  distributed,  fluoropolymer  coating  is 
thinner  than  suspension  coverage  in  some 
thousand  times.  Thus,  practically  entire  surface  of 
the  catalytic  agent  proper  becomes  accessible  for 
participation  in  catalytic  process.  During 
oxidation  the  products  of  catalytic  reactions 
(water)  easily  leave  from  surface  of  the 
hydrophobic  catalyst,  and  consequently  the 
developed  porous  structure  of  catalyst  support  is 
retained,  and  the  surface  of  the  catalytic  agent 
proper  is  not  blocked. 

After  modifying  the  heterogeneous  catalyst  by 
perfluoropolymers,  the  process  of  hydrogen 
oxydation  on  its  surface  becomes  possible  at  the 
temperature  of  20-25  °C  and  for  hydrogen 
contents  of  0.05  %  vol.,  i.e.  the  rebuming  of 
hydrogen  can  be  carried  out  at  a  room  temperature 
and,  as  against  known  catalysts,  at  contents  two 
order  of  magnitude  smaller  than  its  dangerous 
concentration  in  the  environment.  The  results  of 
the  trials  of  the  hydrophobic  heterogeneous 
catalyst  are  presented  in  Tables  1  and  2. 

Thus,  the  advantages  of  hydrophobized  catalyst 
are: 

♦  invariance  of  specific  surface  area  of  the 
heterogeneous  catalyst; 

♦  absence  of  necessity  in  frequently  technically 
complex  process  of  preheating  the  catalyst 
(ensuring  the  absence  of  the  opened  hot 
surfaces,  the  protection  from  sparking  and  so 
on); 

♦  catalyst  stability  to  different  blocking  catalytic 
poisons  and  inhibitors; 

♦  heightened  operation  durability; 
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♦  support  surface  hydrophobicity; 

♦  opportunity  of  hydrogen  oxydation  on  catalyst 
surface  at  the  temperature  of  20-25  °C  and 
hydrogen  contents  of  0.05-0.5  %  vol.; 

♦  heightened  conversion  of  hydrogen  -  up  to  97 

%; 

♦  heightened  supply  of  hydrogen-containing  air 
-  up  to  50-80  I/h; 

♦  small  breakthrough  of  hydrogen  -  0.002  % 
vol.  at  the  hydrogen  content  of  0.09  %  vol. 
and  its  conversion  of  97  %. 

The  developed  technique  of  hydrophobization  of 
the  support  surface  of  heterogeneous  catalyst  is 
useful  for  catalysts  of  different  processes,  not  only 
of  molecular  hydrogen  burning  down,  i.e.  has 
universal  character. 
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Table  1 

Catalytic  oxydation  of  hydrogen  in  flowing  conditions  with  the  use  of  hydrophobized  catalyst 1 


Test 

number 

Air  supply, 
1/h 

Hydrogen 
content,  %  vol. 

Relative 
humidity,  % 

T 

1  input  9 

°c 

"f  exit  > 

°c 

Hydrogen 

conversion, 

% 

1 

78 

^0.047 

84 

23 

23 

68.1 

2 

55 

0.066 

86 

25 

25 

89.4 

3 

84 

0.200 

67 

20 

20 

f  90.0 

4 

63 

0.470 

81 

25 

25 

90.0 

5 

42 

0.090 

80 

23 

23 

97.8 

6 

55 

0.440 

84 

23 

23 

97.0 

7 

60 

0.300 

75 

20 

20 

93.0 

Table  2 

Comparative  performances  of  industrial  and  modified  catalysts 


Catalyst 

Gas  mixture 
supply,  1/h 

Hydrogen 

content, 

%  vol. 

T,  °C 

Relative 
humidity,  % 

Hydrogen 

conversion, 

% 

Industrial 

3 

3 

80 

£70 

<95 

Modified 

50-80 

0.05-0.5 

25 

£70 

<97 

1  The  unmodified  catalyst  at  these  values  of  humidity  and  temperature  does  not  work. 
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MEASURING  RATE  OF  CORROSION  IN  STRUCTURES  MADE  OF  LOW- 
CARBON  STEEL  USING  THE  ELECTRIC  RESISTANCE  METHOD 

Ivanenko  K.O.,  Kopan  Yu.V.(1),  Revo  S.L.,  Hutoryanska  N.V.,  Sementsov  Yu.I.(2) 

National  Taras  Shevchenko  University,  Kyiv,  Ukraine 
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Low-carbon  steel  is  widely  used  in  water  and  gas 
pipe-lines,  in  construction  of  bridges  and  other 
structures  owing  to  its  inexpensive  and  hi-tech 
features.  Over  the  years  of  a  long  life  of  various 
metallic  structures,  composition  of  surface  metal 
layers  is  changed,  microcracks  are  formed  and 
partially  closed  in  it  (for  instance,  due  to  oxides 
formation).  As  a  result,  service  life  of  such 
structures  is  decreased.  Development  of  a 
forecasting  method  for  operation  of  such  structures 
is  an  important  economic  task. 

With  this  purpose,  we  use  a  method  for  measuring 
electric  resistance  of  a  corrosion  gauge.  This  gauge 
(Fig.  1)  comprises  a  closed  loop  of  four  identical 
wire  parts  of  the  same  composition  as  structure  5 
whose  corrosion  is  being  monitored.  Part  1  is  fixed 
on  electric  insulators  6-7  made  of  epoxy  resin  and 
is  dyed  with  the  same  paint  as  the  structure.  Parts 
2-4  are  insulated  from  corrosion  with  epoxy  resin. 
Loop  1-4  is  a  Wheatstone  bridge  and  is  coupled  to 
the  measuring  instrument  through  electric  contacts 
8-11.  The  instrument  supplies  constant  current  to 
diagonal  10-11  of  the  bridge  and  measures 


Figure  I .  Diagram  of  the  corrosion  gauge 

difference  of  potentials  on  diagonal  8-9.  An  error 
in  measuring  electric  resistance  caused  by 
temperature  variations  is  reduced  in  this  way.  The 
difference  between  the  corrosion  gauge  and  strain 
gauge  is  that  electric  resistance  of  corrosion  gauge 
is  changed  due  to  corrosion  while  electric 
resistance  of  the  strain  gauge  -  due  to  mechanical 
strain.  Moreover,  composition  of  the  corrosion 
gauge  is  the  same  as  the  structure's  being 
monitored  while  the  composition  of  the  strain 
gauge  wire  is  special  and  standard.  Bridge  circuit 
coupling  of  the  corrosion  gauge  (Fig.l)  is 


reasonable  to  measure,  for  instance,  atmospheric 
corrosion  during  a  short  term  (up  to  6  months).  For 
constant  corrosion  monitoring  when  electric 
resistance  of  the  gauge  if  greatly  increased,  part  1 
of  the  wire  is  sufficient  to  be  used  as  gauge,  and  it 
should  be  coupled  to  a  standard  tensiostation. 
Standardization  of  corrosion  gauges  is  needed.  For 
structures  of  low-carbon  steel  (steel  3),  we  tested 
the  wire  of  0.5  in  diameter,  the  length  of  the  part  1 
being  0.5  m.  Penetration  of  corrosion  h  (mm)  was 
calculated  by  formula  (1) 

h  =  2^(r_r')'  (l) 

where  r  -  radius  of  the  wire  (mm),  R  -  initial 
electric  resistance  of  the  wire  part  being  corroded 
(Q),  R,  -  current  value  of  the  electric  resistance. 
For  convenience,  the  scale  of  the  device  was 
division  graduated  h  by  formula  (1). 

Atmospheric  corrosion  of  one  of  the  bridges  over 
Dnipro  river  in  Kiev  was  studied  in  June-August, 
2001.  Fig.2  shows  the  results  of  the  study. 
Measuring  was  done  in  the  hours  of  the  day  when 


Figure  2.  Corrosion  penetration  h  to  low-carbon 
steel  (steel  3)  in  Dnipro's  damp  atmosphere  in 
summertime  (1)  and  wintertime  (2)  t 

the  gauge  was  dry.  Following  Fig.  2,  the  corrosion 
rate  is  20  pm/year  in  winter  and  40  pm/year  in 
summer,  and  the  annual  average  is  30  pm/year. 
Protective  anti-corrosion  coating  is  based  on 
nitrocellulose  enamel.  Without  a  protective  coating 
the  corrosion  rate  is  100-150  pm/year.  Thus,  the 
corrosion  gauge  can  be  also  used  to  define 
efficiency  of  protective  coatings. 


547 


SECTION  E. 

EXPERIMENTAL  DATA  OBTAINED  FROM  PERFORMANCE  OF  MATERIALS  AND  COATINGS  IN  ON  LOCATION 
===a=s=========_ _ HAZARD  CONDITIONS 
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In  this  paper  are  given  the  results  of 
development  of  a  new  two-component  gas 
and  thermal  coating  designed  to  restore  the 
geometrical  sizes  of  worn  surfaces  of  landing 
places  and  friction  bearings  of  a  heavily 
charged  shafts  of  metal  rolling  equipment. 

The  service  behaviour  of  coatings  must  meet 
the  requirements  of  hardness,  wearing 
capacity  [1],  corrosion  resistance. 

In  spite  of  the  fact  that  the  plasma  spraying  of 
coatings  is  known  for  a  while  [2],  the 
manufacturing  of  those  in  real  conditions  is 
complicated  by  the  high  cost  of  special 
materials  and  the  complexity  of  technological 
processes  which  have  to  ensure  the  stable 
service  behaviour  of  the  coatings  [3, 4,  5]. 

That’s  why  the  authors  stated  the  problem  of 
choice  of  the  coating  composition  and  the 
development  of  the  technological  process  of 
spraying  in  specific  industrial  setting.  As  a 
result  of  experiments  the  authors  have 
developed  the  technological  process  of 
application  of  two-component  coating  formed 
from  Cr  and  Cr  oxide  with  volumetric 
hardness  60  -  65  units  HRC  and  the  layer 
thickness  up  to  1.5  mm  using  the  plasma 
spraying  equipment  Kiev-7. 

The  given  metallograph  experiments  and  field 
tests  certify  that  the  obtained  coating  meet  all 
the  established  requirements.  The  study  of  the 
microstructure  showed  the  following: 

1)  the  coating  has  a  good  adherence  with 
the  base  (Fig.  1) 

2)  the  coating  has  a  low  porosity  (Fig. 
2,3)  and  is  uniformly  distributed  on  the 
surface  of  the  article  (Fig.  2) 

3)  the  coating  has  a  high  micro-  ( Fig.  3,4 
5)  and  macro  hardness 


Currently  this  coating  is  used  to  restore  the 
geometrical  sizes  of  face  .bearing  seals  and 
landing  places  of  metal  rolling  equipment 
shafts,  as  well  as  some  studies  are  done  to 
amplify  the  field  of  application  of  the  coating, 
some  experiments  are  conducted  to  study 
the  possibility  of  the  coatings  use  to  increase 
the  life  cycle  of  face  sealing,  shafts  and 
protective  bushings  of  pump  axes  and  the 
working  surface  of  stop  valves. 


Fig.  1  -  Microstructure  of  the  coating  x  250 


Fig.  2  -  Microstructure  of  the  coating  x  100 
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Fig.  3  -  Microstructure  of  the  coating  x  500 


Fig.  4  -  Microstructure  of  the  coating  x  500 

kg/mm2  | - 


1  2  3 

1  -  base  material, 

2  -  transition  layer 

3  -  studied  coating. 

Fig.  5  -  Histogram  of  microhardnes 
distribution  in  the  volume  of  the  sample 


At  present  stage  the  metallographic  and  phase 
structural  analysis  of  the  coating  material  is 
conducted. 

The  technology  of  the  coating  application  is 
on  the  stage  of  patenting. 
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The  popular  nowadays  in  metallurgy  and 
machinery  the  item  production  of  secondary  alloys 
needs  additional  methods  for  metal  cleaning. 
Rather  cheap  and  available  method  for  metal 
quality  improvement  is  the  filtration  through 
volume  filters  -  they  are  (together  with  filling  of 
refractory  pieces)  foam  ceramic  filters  (FCF)  [1,2]. 
They  are  sufficiently  much  used  in  the  West,  but 
are  of  little  use  in  Russia.  FCF  manufactured  by 
doubling  of  polymeric  matrix  (fig.l)  allows  to 
improve  moulding  quality  concurrent  with  the 


Fig.l.  FCF  structure.  xlO 


It  seems  that  FCF  apparent  advantages  must 
actively  promote  them  in  foundry.  Meanwhile,  the 
works  can  get  only  filters  manufactured  by 
Coming  Inc.,  Foseco  Inc.,  Hi-Tech  Ceramics  and 
some  others.  Russian  and  Byelorussia 
developments  are  not  in  the  market  of  mass 
quantity  because  there  is  no  stable  demand  caused 
by  homeland  industry  crisis  rather  than  the  lack  of 
information  and  clear  instructions  on 
implementation.  Trying  to  use  FCF  the  enterprises 
face  such  problems  as  filter  placing  in  gating 
system  or  pouring  basin;  metal  “solidification” 
followed  by  full  clogging  of  filter;  filter  failure  by 
metal  jet. 


If  the  problem  of  placing  can  be  settles  more  or 
less  successfully,  metal  “solidification”  is  difficult 
to  overcome.  It  is  caused  by  cooling  effect  of  the 
filter  due  to,  the  first,  by  temperature  difference  of 
metal  and  alloy,  and  the  second,  by  parting  of 
metal  jet  and  increasing  of  specific  surface.  The 


less  is  the  filter  cell,  the  more  is  the  contribution  of 
the  second  element.  The  metal  “solidification” 
reveals  especially  strong  during  filtration  of  high 
temperature  alloys.  In  the  cases  the  metal  goes 
through  the  filter,  the  overcooling  structures  occur 
(e.g.  interdendritic  graphite  in  iron). 

In  domestic  literature  the  similar  problem  is 
discussed  concerning  fillings  -  the  most 
widespread  variant  of  volume  filters  [4].  The  lines 
of  problem  settlement:  either  filter  heating,  or 
metal  overheating.  The  first  variant  is  difficult  to 
accomplish  technologically  for  FCF.  The  second 
variant  can  not  be  realized  at  the  works  without 
filling  temperature  control  (the  latter  is  typical  to 
many  Russian  enterprises). 

The  foundries  interested  in  metal  quality  use  some 
types  of  filters  already  and  are  not  glad  to  change 
it.  Necessary  to  demonstrate  FCF  distinct 
advantages.  Only  filling  parameters  optimization 
helps  to  prove  it  because  laboratory  tests  on 
aluminium  alloys  showed  that  it  is  possible  not 
only  to  improve  the  alloy,  but  to  worse  it  as  well 
[5],  Many  authors  note  the  governing  role  of 
adhesive  effect  during  metal  cleaning  through 
volume  filters  [3,6].  In  this  case  the  dependence  of 
filtration  quality  from  alloy  composition  and  filter 
material  is  apparent.  The  choice  of  optimum 
material  for  various  alloys  needs  a  large  number  of 
experiments  and  data  analyses.  For  example,  the 
experience  gained  in  Scientific  Centre  of  Powder 
Material  Study  [7]  lets  to  manufacture  filters  by 
doubling  of  polymeric  matrix  (with  minimum 
finishing)  on  the  basis  of  any  ceramic  matrix. 

Filtration  through  volume  filters  is,  in  essence,  the 
strong  and  practically  not  used  at  present 
instrument  for  influence  on  alloys  microstructure 
and  properties.  So,  when  studying  FCF  influence 
on  microstructure  and  properties  of  duralumins  and 
silumins  [7-8]  it  was  shown  that  filtration  allows  to 
decrease  the  volume  part  and  dimension  of 
intermetallic  inclusions  and  to  increase  the  content 
of  alloy  elements  in  aluminium  hard  solution,  to 
increase  the  casting  alloy  strength.  The  quantitative 
characteristics  of  alloy  microstructure  and  strength 
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changes  can  be  considered  as  specific  filter 
influence. 

During  the  experiments  carried  on  together  with 
Piston  Engine  Design  Bureau  specialists  on  the 
foundry  bay  of  JSC  “AvtoVAZ”  there  was  made 
the  comparative  characteristics  of  two  filter  types 
(FCF  and  silica  grid  TY  6-11-318-78)  when 
casting  B 1 24  complex  alloy.  It  is  noted  that  filters 
(even  grid)  change  phase  crystallization  conditions 
and  results  in  phase  alloy  change  recorded  even 
after  heat  treatment.  When  standard  heat  treating 
they  observed  the  absence  of  the  hardening  phase 
in  dispersion-hardened  alloy. 

FCF  influences  greatly  the  alloy,  therefore,  its  joint 
use  with  modifiers  require  corresponding 
researches.  Rather  successful  use  of  FCF  based  on 
chemically  bound  silicon  carbide  on  filling 
unmodified  grey  iron  in  loam  moulds  (SPETSLIT, 
Ltd.,  Perm)  permits  to  change  the  sizes  and 
distribution  type  of  graphite  inclusion  and  to 
decrease  the  ferrite  content  in  ferrite-pearlitic  base. 
Therewith,  the  strength  increased  by  25  %  with 
simultaneous  increase  of  plasticity.  The  use  of  the 
similar  filter  for  grey  iron  Ghl90  (  Table  52205 
Standard  VAZ-FIAT),  modified  <DC65  and  CK 
resulted  in  washed-out  filter  material  in  the  process 
of  filtration. 

In  some  cases  incorrect  task  set  by  the  researches 
can  result  in  negative  conclusions.  So  comparing 
the  results  of  steel  filtration  through  sintered 
corundum  and  FCF  chemically  bound  at  1600  °C, 
the  authors  [9]  arrive  at  conclusion  about  FCF 
inapplicability,  though  it  is  clear  that  it  is  a  matter 
of  limits  applied  to  chemically  bound  materials 
only. 

FCF  are  filtering  materials  with  huge  potential. 
Using  them  we  can  produce  both  more  clear  and 
homogeneous  alloys  and  alloys  with  different  and 
controlled  composition.  And  finally,  if  to  use  the 
idea  expressed  in  L.M.  Akselrod’s  and  others’ 
paper  [10],  under  definite  filling  conditions  the 
filter  surface  can  be  self-cleaning.  Important  to 
understand  that  various  types  of  filtering  materials 


most  likely  are  not  competitors  because  depending 
on  real  production  requirements  it  is  necessary  to 
choose  the  optimal  variant.  The  problem  of  FCF 
implementation  possesses  large  intellectual 
capacity  and  requires  serious  research  and 
experimental  work. 
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It  known  that  different  materials  are  used  as 
armour:  steel,  light  alloys,  ceramics.  And 
contradictory  demands  are  placed  on  armour 
materials:  high  hardness  and  fracture 
toughness,  therefore,  the  tendency  to  develop 
heterogeneous  materials  is  seen,  to  these  can 
be  related  structural  heterogeneous  tripsteels 
and  layered  compositions  materials  (CM).  One 
way  to  settle  the  problem  is  the  layered 
structures  made  of  hard  ceramic  layers  and 
tough  interlayers  of  metal  alloys. 

We  tried  to  produce  the  layered  items  with 
hard  layers  of  composite  (A1 — Si3N4  type), 
where  A1  —  the  alloy  based  on  aluminium, 
Si3N4  -  reinforcing  component  of  porous 
ceramics  of  elements  [1].  The  paper  [1] 
describes  in  details  the  production  of  ceramics, 
Me-Si3N4  composites  were  obtained  by 
impregnation  of  porous  Si3N4-ceramics  with 
melt  under  pressure. 

Ceramics  of  elements  is  interesting  as  the  filler 
for  CM,  because  it  features  high  porosity 
adjustable  within  large  limits,  thin  porous 
structure  of  elements,  the  presence  of  fibre¬ 
like  crystals  of  silicon  nitride  and  large  inter¬ 
element  pores  which  make  easier  quick 
impregnation  under  pressure  moulding  [2]. 

There  are  examined  the  anti-bullet  barriers 
structures  with  armour  layer  of  Al-Si3N4  type 
composite  based  on  2  aluminium  alloys: 
AK4M2  and  AJI-23-1  reinforced  by  porous 
Si3N4  ceramics  of  elements.  These  barriers 
were  produced  by  hot  metal  stamping.  For  this 
purpose  they  filled  the  mould  with  the  melt, 
then  put  heated  ceramic  plates  and  carried  on 
the  moulding  cycle.  For  creation  of  barrier 
structural  elements  in  ceramics  such  as  grids  in 
tough  interlayers  and  perforation,  the 
preliminary  holes  or  slots  were  made. 


And  as  the  result  the  following  compositions 
were  produced: 

1 .  Fibered  -  F.  For  its  production  they  use 
the  fibered  ceramics  consisting  of  pore  fibers 
of  reactively  sintered  silicon  nitride  (thickness 
of  0.5-2.0  mm)  forming  the  frame.  After 
impregnation  with  aluminium  alloy  the 
composite  parts  reinforced  by  ceramic  fibers 
have  the  hardness  of  50-60  HRC.  Interfiber 
binding  interlayers  made  of  aluminium  alloy 
serve  as  the  tough  component  in  this  structure. 

All  other  barrier  types  possess  disperse 
CM  structure  formed  by  impregnation  of 
ceramic  of  elements  of  0.01-0.03  mm 
thickness  [1],  hardness  of  20-45  HRC  as  a 
function  of  Si3N4  volume  fraction. 

2.  Layered  -  L  (fig.  a).  The  structure 
consists  of  composite  layer  and  matrix  alloy 
layer. 

3.  Grid  -  G.  In  this  one-layer  structure  the 
composite  layer  is  divided  into  cells  by 
interlayers  of  matrix  alloy,  they  form  the  grid 
and  divide  all  armour  (its  thickness). 

4.  Layered-grid  -  LG  (fig.  b).  Consists  of 
composite  layer  divided  by  grid  inter-  layers  of 
aluminium  alloy  (G  type  structure)  and  a  base 
of  matrix  alloy. 

5.  Layered-perforated  -  LP  (fig.  c).  Differs 
from  the  layered  structure  by  the  presence  (in 
composite)  of  bars,  diameter  1 .5  -  2.3  mm,  of 
matrix  alloy  made  together  with  the  base  and 
hardening  the  layers  connection  (rivetted  joint 
effect). 

Anti-bullet  resisting  tests  were  as  follows: 
firing  with  TT  gun  (V0=440  m/s,  d  =  9  mm)  or 
AKM  submachine-gun  (V0=715  m/s, 
d=7.62  mm),  distance  -  3  and  5  m.  The 
samples  -  discs  of  60  mm  during  tests  were 
fastened  on  periphery  in  hard  steel  holder.  Test 
numerical  index:  bullet  flying  speed  after 
interaction  with  the  barrier  tested.  The  bullet 
speed  was  measured  according  to  the  methods 
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based  on  the  principle  of  contact  interlocking 
of  route  basic  sections. 

Due  to  the  variety  of  geometric  parameters  of 
sample  structures  and  different  test  condition  it 
is  advantageous  to  introduce  the  convenient 
and  universal  value  for  comparative  estimation 
of  anti-bullet  resistance.  For  this  characteristic 
it  is  worthwhile  to  accept  the  change  value  of 
bullet  kinetic  energy  during  interaction  with 
barrier  relative  to  its  thickness  and  bullet 
section  area: 


diagram,  section,  top 
view:  a)L,  b)  LG,  c) 
LP. 


The  light  -  Al-alloy, 
the  shading  -  Al- 
Si3N4  CM. 


optimising  parameter  for  the  composition, 
micro-  and  microstructure  and  technological 
factors. 

There  are  studied:  the  influence  of  Si3N4  in 
composite,  element  thickness  in  ceramics, 
dimension  relation  in  structure. 

Shown  high  anti-bullet  strength  of  layered  and 
layered-grid  barriers,  data  concerning  the 
parameters  influence  of  ceramics  composition 
and  structures.  Ceramics  elements  (0.03  mm 
thickness)  used  for  reinforcing  at  incomplete 
nitriding  of  silicon  blanks  and  large  phase  of 
a-Si3N4  provide  the  best  quality  of 
impregnation,  composite  hardness,  anti-bullet 
strength  and  long  life  of  barriers. 

No  punching  of  layered  barriers  based  on 
AJT23-1  alloy  with  composite  layer  of  45  vol. 
%  Si3N4  and  hardness  of  35  HRC  by  AKM 
gun  bullet  of  5.45  mm,  V0=750  m/s  at  surface 
density  of  390  g/dm2. 
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c 

It  characterises  the  effective  dynamic 
resistance  to  bullet  penetration  through  the 
barrier  and  the  strength  dimensions.  This  value 
possesses  the  general  nature  because  it 
depends  both  on  armour  component  properties 
and  on  their  dimension  relation,  mutual 
position  and  interaction;  characterises  the 
structure  as  a  whole  and  can  serve  as  the 
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At  present  welding  fabrication  ranks  the  third  on 
the  vocational  diseases  level.  The  most  urgent  are 
the  works  connected  with  the  search  for  welding 
waste  gas  cleaning  in  closed  volumes  and  in  the 
places  beyond  the  reach  of  stationary  ventilation. 
Current  cleaning  systems  -  portable  small  filter- 
ventilation  units  -  do  not  provide  harmful  agents 
elimination  from  welding  sites  up  to  the  limiting 
concentration.  For  the  most  part  it  is  caused  by  the 
fact  that  neutralization  set  of  these  units  consists  of 
container  with  activated  carbon  of  short  service 
life,  rather  high  pressure  loss  of  filling  layer  and 
does  not  eliminate  carbon  monoxide. 

For  welding  waste  gas  cleaning  the  most  promising 
is  the  implementation  of  block  carriers  of 
honeycomb  structure  allowing  to  perform  effective 
catalytic  transformation  of  toxic  nitrogen  oxides 
and  carbon  into  biologically  inert  compounds.  It  is 
known  honeycomb  structures  have  some 
advantages.  They  are:  small  and  permanent 
hydrodynamic  resistance  to  gas  flow  during 
operation,  high  allowable  flow  speed,  absence  of 
local  overheating  peculiar  to  filled  catalysts  which 
result  in  catalyst  deactivation.  Straight-channel 
structure  helps  to  work  with  dusted  gas  flows 
without  filtration. 

The  most  popular  technology  for  honeycomb 
structure  manufacturing  is  the  extrusion, 
honeycomb  block  erection  of  ceramic  relief  plates 
or  metal  corrugated  bands.  The  authors  have 
developed  the  technology  for  honeycomb  structure 
manufacturing  by  extrusion  moulding  of  ceramic 
masses  [1],  Extrusion  moulding  of  plasticized 
ceramics  permitting  to  mould  the  items  of  complex 
spatial  structure  is  developed  and  studied  rather 
well.  Extrusion  moulding  is  based  on  definite 
structural  and  mechanical  properties  of  systems 
moulded,  their  ability  to  decrease  plastic  strength 
under  mechanical  influences,  and  to  restore  it  again 
after  stress  relief.  Thanks  to  this,  under  the 
mechanic  forces  of  moulding  machine  (screw, 
blades,  means  for  wear  into  holes)  the  mass 
becomes  less  tough,  acquire  plasticity  and  can  be 
pressed  through  the  die.  After  the  die  and  stress 
relief  there  occurs  the  toxicotropic  restoration  of 


plastic  strength,  the  mould  items  becomes  fit  for 
future  transportation  and  finishing. 

We  have  developed  the  laboratory  and  pilot- 
industrial  equipment,  as  well  as  the  auxiliaries  for 
production  of  honeycomb  structure  materials  based 
on  plasticized  ceramics  [2].  The  frame  creating 
equipment  helps  to  produce  rectangular,  hexagonal 
round  structures.  Previously  the  authors  used  in 
their  studies  silica  porcelain  with  sintering 
temperature  about  1200  °C.  There  were  carried  on 
special  rheologic  investigations,  received  the 
theoretic  relations  for  calculation  of  perforated 
matrix  thickness  ensuring  its  operation  without 
failure.  Aiming  to  cheapen  the  honeycomb 
structure  technology  and,  consequently,  the 
equipment  for  welding  waste  gases  cleaning  we 
fulfilled  the  researches  connected  with  the  choice 
of  more  accessible  but  technological  raw  material. 
Raw  materials  of  local  deposits  for  production  of 
building  materials  were  chosen  as  the  research 
objects.  In  Perm  Region  red-bum  clays  are  widely 
spread.  They  possess  more  low  sintering 
temperature  (900-950  °C)  in  comparison  with  silica 
porcelain,  easy  to  mould.  Their  main  defect  -  high 
shrinkage  if  sintered.  So  as  to  lower  the  shrinkage, 
special  filling  agents  were  introduced  into  the 
mass.  Rheologic  researches  of  various  raw 
materials  made  possible  to  choose  the  deposit  with 
the  most  technological  material.  In  the  samples 
they  defined  structural  and  physical-and- 
mechanical  properties.  Essentially  the  samples  of 
red-bum  clay  are  highly  competitive  with  silica 
porcelain  on  mechanical  characteristics. 

In  design  of  filter-absorption  plant  they  use  the 
honeycomb  blocks  with  cells  3x3mm. 

The  copper-chromium  spinel  catalyst  was  chosen 
as  the  cheap  and  effective  one.  Known  that  the 
present  catalyst  possesses  good  activity  and 
thermal  stability,  low  temperature,  operates  in 
excess  of  oxygen.  The  content  of  active  component 
in  catalyst  -  10  mass  %  .  The  prototype  of  filter- 
absorption  plant  for  welding  was  made  [3],  The 
neutralization  set  consists  of  metal  casing  with  heat 
insulation  coating;  heating  block  made  as  ceramic 
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honeycomb  block  in  the  cells  of  which  Ni-Cr  alloy 
spiral  is  installed;  block  catalysts  of  honeycomb 
structure  positioned  in  succession.  The  pneumatic 
machine  serves  as  the  draft  initiator  providing  the 
required  gas  flow  speed.  The  researches  were 
carried  on  under  conditions  of  natural  process  of 
welding  waste  gas  neutralizing.  They  used 
electrodes  of  the  most  popular  YOHH- 13/45  grade 
issuing  the  largest  volume  of  harmful  agents.  In  the 
process  of  work  the  reactor  length,  flow  rate  of  gas 
mixture  passed  and  temperature  in  reactor  were 
varied.  It  is  found  when  the  reactor  length 
increases  and  the  flow  rate  of  gas  mixture 
decreases  there  occurs  the  growth  of  nitrogen 
oxides  transformation,  temperature  dependence  is 
of  extreme  character  because  at  <300  °C  the 
reducer  (CO)  oxidises  actively.  Maximum  degree 
of  nitrogen  oxides  transformation  at  the  catalysts 
tested  equals  to  60%.  Activation  energy  for 
reducing  reaction  Nox  amounts  to  36.5  Kj/mol 
Nox.  The  process  takes  place  in  kinetic  area  and  is 
limited  by  the  stage  of  chemical  interaction  of 
reagents. 

In  addition  to  gas  catalyst  neutralization  unit  the 
filter-absorption  plant  has  the  air  intake,  the  filter- 
absorber  of  hard  particles,  the  draft  initiator.  The 
plant  operates  as  follows.  The  draft  initiator 
produces  vacuum  in  the  plant.  Polluted  air  comes 
in  mechanical  filter  for  mechanical  dust  cleaning 
of  welding  aerosol.  Then  the  air  passed  through  the 
heating  block  is  heated  up  to  required  temperature 


of  300  0  C.  Further,  the  heated  air  comes  on  block 
catalysts  of  honeycomb  structure  for  nitrogen 
oxides  reducing  and  carbon  monoxide  oxidation. 
The  purified  air  goes  out  the  back  wall  of  gas 
neutralization  unit.  The  plant  was  tested  with 
satisfactory  results  -  with  electrodes  issuing 
harmful  gases  at  relation  of  NOx:CO  equal  or  less 
than  3:4.  In  case  of  the  plant  implementation  for 
welding  with  other  electrodes  we  recommend  to 
supply  gas-reducer  (e.g.  CH4)  in  catalyst  block. 
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Thin  a  film  of  aluminium,  which  are  widely  used 
for  formation  of  thin-film  metallization  of 
integrated  circuits  (IC)  of  small  and  an  average 
level  of  metallization,  became  unsuitable  for  the 
big  integrated  circuits  (BIC).  It  is  caused  by  such 
factors: 

intensive  interaction  A1  and  Si  at  heat 
treatments  which  resulted  in  short  circuits  p-n 
transitions; 

-  low  stability  for  the  refusals,  caused  by 
mass  tranfer  due  to  electrodiffusion  and  corrosion; 

-  the  low  temperature  of  began 
recrystallisation  results  to  that  at  heat  treatment 
there  is  a  significant  growth  of  granularity  of  films; 

high  tensions  it  is  compressed  of 
compression  result  in  growth  hillocks  which 
become  the  centres  of  electrocorrosion  destruction. 

For  elimination  of  these  lacks  by  us  the  following 
technologies  are  developed: 

manufacturing  alloys  of  aluminium  alloyed 
by  rare  metals  and  on  their  basis  of  targets  for 
magnetronic  formations  of  metallized  films  of 
AlHo-1,  AlSiHo-1; 

-  modifying  a  film  surface  of  aluminium  by 
ionic  alloy  of  A1  +,  B+,  B4,  Sb+,  which  provides 
their  high  corrosion  and  electromigratory  stability; 

formation  of  an  alloyed  aluminium  film 
by  magnetronic  dispersion  of  the  combined  target 


of  alloy  AK-1,  into  which  working  zone  probes 
from  an  alloy  refractory  (Ti,  Zr,  HI,  V,  Nb,  Ta,  Cr, 
Mo,  W)  and  rare  metals  (Sc,  Y,  La,  Ho)  are 
entered. 

Such  technology  simply  allows  to  change  the 
following  physical  and  chemical  properties  of 
films: 

the  factor  of  passivation  is  increased; 
decrease  thermal  intensity  in  folms  and 
hillocks; 

-  adhesion  films  to  functional  layers  is 
increased; 

time  of  corrosion  destruction  decreases  on 
the  order  and  more; 

film  granularity  and  and  roughness  of 
edges  decreases  at  a  photo-lithographic 
process; 

alloy  aluminium  impurity  with  cations  and 
anions  becomes  effective  means  of 
translation  of  stationary  electrode 
aluminium  films  in  area  of  positive  values; 

The  specified  technology  of  metallization  is  used 
at  formation  of  structures  of  the  big  integrated 
circuits  which  work  in  extreme  modes  of  operation 
on  temperature,  humidity  and  capacity  of 
dispersion. 
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Ceramic  materials  are  widely  used  in 
thermostressed  structures  owing  to  their  high 
thermal,  chemical,  electrical  resistance,  high 
strength  and  radiotransparency.  The  upper  limit  of 
the  operating  temperature  range  depending  on  the 
product  type  is  1300  -  2200°C.  Conventional 
procedures  and  devices  for  measuring 
thermophysical  and  optical  characteristics  are 
used  at  much  lower  temperatures. 

To  solve  this  problem,  a  setup  for  measuring 
thermophysical  and  optical  properties  of  the 
structural  ceramic  materials  under  one-sided 
radiation  heating  in  a  wide  temperature  range  has 
been  developed. 

This  method  and  the  algorithm  of  solving  the 
inverse  problem  of  heat  exchange  make  possible  a 
comprehensive  determination  of  thermophysical 
and  optical  properties  under  dynamic  conditions. 

A  high  rate  of  ceramic  specimen  heating  causes 
rigid  requirements  imposed  upon  the  control 
system  (CS):  high  speed  of  response  and  accurate 
temperature  measurements.  A  great  number  of 
measurements  and  the  following  processing  of 
measurements  are  impossible  without  the  use  of 
the  computers. 

A  control  system  with  the  use  of  a  personal 
computer  (PC)  and  advanced  technical 
approachers  has  been  developed.  A  block-diagram 
of  the  control  system  is  shown  in  Fig.l.  The 
program  of  the  setup  control  incorporates  a 
mathematical  model  of  the  object  to  be  controlled. 

It  selects  its  parameters  in  accordance  with  the 
variation  of  the  thermophysical  characteristics 
with  the  temperature.  The  dynamic  programming 
method  offers  maximum  control  accuracy  and 
minimum  time  of  the  object  response  to  the 
control  action. 

The  metering  system  (MS)  possesses  a  low-pass 
digital  filter  which  filters  off  high-frequency 
interference.  Since  the  temperature  in  different 
points  of  the  specimen  varies  depending  on  the 
thermocouple  position  relative  to  the  frontal 
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Fig.  1  PC  -  personal  computer 
DAC  -  digital-to-analog  converter 
ADC  -  analog-to-digital  converter 
TA  -  thyristor  amplifier 
IRH  -  infrared  heaters 
C  -  commutator 
A  -  amplifier 


surface  (Fig.2),  the  time  of  the  channel  inquiry  in 
MS  varies  with  the  rate  of  the  temperature 
variation  in  this  point.  It  allows  the  metering 
system  to  inquire  more  often  the  channels  with  a 
higher  rate  of  the  temperature  variation  without 
the  increase  of  speed  of  response  of  the  whole 
system  but  with  the  increase  of  the  temperature 
control  accuracy. 


Fig.  2  Distribution  of  temperature  in  the 
specimen  depending  on  the  distance  from  the 
frontal  surface 


The  experimental  data  obtained  are  further 
processed  with  the  help  of  the  programme  for 
solving  the  inverse  problem  of  heat  exchange. 

The  control  system  is  then  connected  to  the 
computer  printer  port  but  the  connection  to  a  bus 
with  a  higher  speed  is  planned  later  on. 
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In  summary  it  should  be  noted  that  the  setup  in 
question  has  made  it  possible  to  reduce  the 
duration  of  the  experiment  at  the  expense  of  the 
unsteady-state  stage  of  heat  exchange  and 
automation  of  the  whole  process  of 
measurements,  to  extend  the  temperature  range  of 
the  experimental  data.  The  thermal  tests  of  the 
specimens  from  structural  ceramics  NIASIT  8PP 
in  the  temperature  range  from  50  to  800°C  have 
been  carried  out.  The  data  obtained  are  in  good 
agreement  with  the  material  ratings.  The  error  of 
the  temperature  dependence  of  the  thermal 
conductivity  is  within  ±10%. 

Thus  the  modification  of  the  setup  and  the  control 
system  will  extend  the  capabilities  and  improve 
the  efficiency  of  the  investigations  on  heat 
exchange  in  materials  and  coatings. 
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FOAM  METALS  -  PERSPECTIVE  DAMPERS  OF  SHOCK  WAVES 

Danchenko  Y.V.,  Kulakov  S.V. 

Research  Center  of  Powder  Material  Science,  Perm,  Russia 


Barriers  of  porous  and  foam  materials  are  used  for 
damping  of  shock  waves  (SW),  arising  in  an 
environment  at  explosion  of  explosive  charge.  The 
foam  metals  or  so-called  high-porosity  permeable 
cellular  metals  (HPCM),  having  a  structure  in  the 
form  of  polygon  cells  bound  into  spatial  skeleton, 
in  the  best  way  combine  the  properties  of  the 
above  mentioned  dampers.  This  is  favoured  by 
maximum  pore  volume  (85-97  %)  and  minimum 
quantity  in  them  of  rigid  component  (15-3  %) 
distributed  as  a  three-dimensional  lattice  (Figure 
!)• 


Fig.  1.  Structure  of  HPCM.  xlO 


To  check  experimentally  the  above  mentioned 
statement  it  was  investigated  the  propagation  of 
shock  waves  through  barriers  of  foam  metals  in 
near  and  far  zones  of  explosion.  The  damping 
processes  were  studied  using  HPCM  of  copper- 
nickel  alloy  and  "sandwiches"  made  of  a  foam 
metal  plate  with  outside  sheets  of  stainless  steel, 
and  the  structural  and  geometrical  characteristics 
of  a  foam  metal  -  porosity,  cell  diameter  and 
thickness  -  were  varied. 

The  sequence  of  SW  propagation  through  foam 
metal  was  recorded  by  ionization  contact  sensors 
and  frequency  meter  via  synchronizer. 

It  has  been  determined  that  in  a  near  zone  of 
explosion  the  SW  speed  is  reduced  2-4  times  when 
increasing  the  layer  thickness  of  a  foam  metal  from 


5  to  35  mm  and  reducing  its  cell  diameter  and 
density  (fig.  2a).  When  using  a  combined  barrier 
consisting  of  HPCM  and  metal  sheets  with 
considerably  different  dynamic  compressibility, 
the  effect  of  SW  attenuation  is  indicated  more 
considerably  (fig.  2b). 


a:  dc,  mra/p,  g/sm3:  C  -  4,08/0,59;  •  -  3, 5/0, 6;  O  -  0,8/0, 9; 
♦  -  0,8/0,47;  A  -  2,0/0,94;  V  -  0,8/1,24;  T  -  2,0/1,14;  A  - 
0,8/1,28;  +  -  4,08/1,22;  X  -  2,0/0,31.  6:  dc,  mm/p,  g/sm3: 
-  4,08/0,3;  •  -  3, 5/0, 6;  O  -  0,8/0, 9;  ♦  -  0,8/1,28;  A  - 
2,0/1,23;  A  -  3, 5/0, 4;  +  -  2,0/0,61 ;  X  -  2,0/0,61 . 

Fig.  2.  Speed  shock  waves  damping  in  HPCM  (a) 
and  sandwich  barriers  based  on  HPCM  (b) 

The  foam  metals  have  advantage  on  reduction  of 
SW  speed  and  pressure  compared  to  the  most 
efficient  dampers  made  of  lead  and  foam  materials 
with  a  polymeric  matrix.  After  HPCM  barriers  the 
slow  increase  of  SW  pressure  front  is  also 
observed  (fig.  3a),  and  at  small  thickness  the 
combined  barriers  have  the  advantage,  and  with 
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increasing  the  HPCM  thickness  the  effect  of  a 
metal  plate  weakens  (fig.  3b). 


Fig.  3.  Pressure  increase  (a)  and  rate  of  pressure 
increase  (b)  in  HPCM  damper  in  near  explosion 
zone 

Mitigation  of  SW  maximum  pressure  5-9  times 
and  increase  of  its  growth,  time  3-6  times  take 
place  when  HPCM  dampers  are  arranged  outside 
of  detonation  product  direct  influence,  and  the 
damping  is  indicated  in  a  greater  degree  for  close- 
meshed  low  density  structures  (fig.  4). 


established  and  role  of  high  porosity  element  and 
metal  plate  has  been  determined. 


dc,  mm:  1  -  3,5;  2  -  2,2;  3, 4  -  0,8. 
p,  g/sm3:  1  -  0,6;  2  -  0,14;  3  -  0,4, 4  -  1 ,27. 


Fig.  4.  Structural  and  geometrical  characteristics  of 
HPCM  dampers  versus  short  wave  parameters 


It  has  been  revealed,  that  the  foam  metals  have 
good  protective  properties  resisting  to  a  detonation 
transfer.  It  is  provided  by  reduction  of  pressure 
transmitted  to  an  initiated  charge,  and  diffusion  of 
SW  front,  that  transforms  SW  into  isoentropic 
compression  wave  and  reduces  heating  of  the 
centers  stimulating  a  detonation.  Distinctive 
features  of  combined  damper  operation  have  been 
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DEVELOPMENT  AND  INVESTIGATION  OF  FRICTION  CARBON 

MATERIALS  TERMAR 

Kostikov  V.L,  Demin  A.V.,  Kulakov  V.V.,  Kenigfest  A.M. 

FSUE  “NIIGrafit”,  Moscow,  Russia 


Brakes  for  modern  aircraft  are  employed  in  rather 
complex  and  stressed  conditions.  In  this 
connection  a  complex  of  quite  different 
requirements  is  imposed  upon  materials  of  the 
most  important  constituents  of  the  brakes,  friction 
elements. 

First  and  foremost,  these  materials  must  have  for 
efficient  braking  a  sufficient  value  of  friction 
coefficient,  which  is  to  be  ultimately  stable  in 
quite  different  conditions  of  exploitation  (taxing, 
rejected  take-off,  emergency  landing)  and 
independent  of  natural  conditions  (humidity, 
contamination,  etc.) 

The  main  necessary  features  of  the  friction 
materials  also  involve  their  ability  to  rapidly  and 
efficiently  absorb  kinetic  energy  of  an  aircraft 
released  under  braking  conditions,  which  ensures 
protection  against  overheating  of  the  remaining 
parts  of  the  landing  gear. 

Carbon-carbon  composites  to  the  utmost  extent 
meet  the  present-day  requirements.  Due  to  their 
high  mechanical  strength  under  static  and 
dynamic  loads,  high  heat  capacity  and  thermal 
conductivity,  temperature  stability  of  the  above 
characteristics,  good  frictional  properties,  they 
have  no  competitors  in  the  described  field  of 
application. 

The  friction  carbon  materials  for  the  recent 
decades  have  found  a  wide  spread  in  brake 
devices  of  aircrafts,  racing  cars  and  high-speed 
rail-way  transport  due  to  a  number  of  advantages 
over  the  previously  used  prototype,  friction 
cermet,  the  main  of  them  being: 

•  stable  high  frictional  characteristics  under 
various  exploitation  conditions; 

•  high  wear  resistance  ensuring  a 
considerable  service  life  to  braces:  exploitation  up 
to  2000  and  over  of  take-offs  and  landings  (the 
frictional  cermet  ensures  500  take-offs  and 
landings  at  most); 

•  high  static  and  dynamic  strength  at 
elevated  temperatures,  a  sufficiently  high  ability 
to  absorb  energy,  thereby  ensuring  an  efficient 
braking  under  extreme  conditions  and  opportunity 


of  further  exploitation  of  brakes  (impracticable  in 
case  of  frictional  cermet); 

•  low  weight  making  it  possible  to 
substantially  save  the  flying  mass  at  the 
appropriate  increase  of  a  lode-carrying  capacity. 

Among  over  than  16000  aircraft  wheels  annually 
produced  in  the  world,  in  60  %  of  cases  use  is 
made  of  friction  carbon  disks.  The  word-wide 
annual  output  of  such  discs  exceeds  500000 
pieces. 

The  developer  of  all  the  friction  carbon  materials 
produced  on  industrial  scale  in  Russia  (and 
USSA),  combined  by  the  general  title  Termar, 
was  FSUE  “NIIGrafit”.  The  materials  Termar-TD, 
Termar-DF,  Termar-CTD,  and  Termar-ADF  were 
employed  or  are  being  employed  up  to  now  in 
aircrafts  Tu-154M,  Tu-160,  AN-124  («Ruslan»), 
An-225  («Mriya»),  Tu-204,  the  space  shuttle 
«Buran». 

Friction  carbon  materials,  fully  called  as  friction 
carbon-carbon  composites,  comprise  a  skeleton 
consisting  of  carbon  fibers  bound  by  a  carbon 
matrix. 

According  to  foreign  production  technology  for 
friction  carbon  materials,  a  porous  skeleton  made 
of  carbon  felt  is  infiltrated  with  a  carbon  matrix 
mainly  via  a  high-temperature  pyrolysis  of 
hydrocarbon  gases  (natural  gas). 

The  principal  particularity  of  the  production 
technology  for  the  Termar  materials  is  the  use,  as 
a  source  for  obtaining  the  matrix,  of  a  liquid 
organic  binder,  cal-tar  pitch.  The  multistage 
technology  involves  mixing  the  material 
components,  molding  performs,  their  heat 
treatment  in  order  to  convert  the  organic  binder 
into  a  carbon  matrix,  several  cycles  of  additional 
pitch  densification  of  the  performs  and  heat 
treatment  to  form  an  optimal  structure  ensuring 
the  required  frictional  properties,  machining  to 
obtain  discs,  applying  a  protective  coating. 

The  technology  developed  makes  it  possible  to 
properly  control  frictional  characteristics  of  the 
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material  so  as  to  obtain  a  material  of  high  density, 
thereby  increasing  its  ability  to  absorb  energy 
released  under  braking  and  minimizing  the 
possibility  of  the  effect  of  environment  and 
exploitation  conditions  on  its  properties,  which  is 
highly  dangerous  for  the  materials  of  foreign 
production. 

The  optimization  of  materials  and  their  production 
technology  was  based  on  results  of  investigation 
of  influence  of  structure  and  characteristics  of  the 
material  and  its  components,  as  well  as  the 


exploitation  conditions  on  performance 
characteristics,  study  of  the  material  structural 
changes  in  the  course  of  exploitation. 

Using  methods  of  optical,  scanning,  and 
transmission  electron  microscopy,  Raman 
spectroscopy,  there  have  been  revealed  profound 
changes  in  the  structure  and  morphology  of 
surface  layers  conditioned  by  thermal  and  force 
actions  of  friction.  A  mechanism  of  phenomena 
occurring  on  friction  surfaces  of  the  carbon 
materials  is  suggested. 
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CARBON-ARC  EVAPORATION  OF  IMPURITIES  FROM  REFRACTORY 
COMPOUNDS  OF  ZIRCONIUM  AND  SILICIUM 


Kravchenko  L.P..  Kurochkin  V.D.,  Tsurpal  L.A. 

Institute  for  Problems  of  Material  Science,  NAS  of  Ukraine,  Kyiv,  Ukraine 


Refractory  compounds  of  zirconium  and 
silicium  are  widely  used  as  materials  working  at 
extreme  conditions.  Some  of  them  are  used  for 
resistant  coatings  protecting  constructions  against 
high  temperatures.  Experimental  study  of 
materials  at  temperatures  above  2500  K  is  rather 
difficult  task.  This  article  presents  investigations 
high  temperature  reactions  employing  emission 
spectrometry  of  carbon-arc  in  atmosphere  of 
argon  and  air.  Temperature  of  materials  to  be 
studied  may  be  easily  varied  by  changing  arc 
current  and  depth  of  electrodes.  Process  of 
evaporation  was  registered  by  intensities  of 
spectral  lines  of  elements  studied.  This  method 
allows  to  study  reactions  at  temperature  up  to 
4000  K. 

Temperature  of  the  bottom  of  electrode  was 
measured  by  means  of  several  methods.  First  of 
them  is  specially  designed  facility  for  comparison 
of  radiation  with  standard  tungsten  lamp  and  high 
resolution  spectrometer,  used  as  monochromator. 
For  not  too  high  temperatures  results  of 
measurements  were  validated  by  ordinary  used 
method  employing  calibration  by  melting  points 
of  well  known  materials. 

To  study  the  low  of  evaporation  from 
materials  inserted  into  electrode  crate  we  used 
kinetic  equation  of  the  form: 

dC/dt  =  k  (C0  -  C)n,  (1) 

where  C0  and  C  are  initial  and  current 
concentrations,  k  -  rate  constant,  n  -  reaction 
order. 

Reaction  order  were  determined  from 
evaporation  curves  by  half-value  period  (T1/2)  of 
Co  on  standards,  prepared  from  above  mentioned 
compounds.  Typical  curves  represent  dependence 
of  intensity  of  spectral  line  of  element  studied  on 
time  (fig.l).  Reaction  order  were  found  from 
slope  of  the  straight  line  in  coordinates  (lgTj/2, 
lgC).  Values  measured  appears  to  be  in  the  range 
1.1  -  1.2  that  are  very  close  to  1.0.  Therefore 
evaporation  rate  of  an  element  may.  be  written  by 
kinetic  equation  of  the  first  order.  Solution  of 
equation  results  in: 

ln(C0/C)  =  k  t  (2) 


Values  C0/C  were  measured  from  relations  of 
areas  under  evaporation  curves  for  the  given  time: 


Evaporation  time,  s 


Fig.l  Kinetic  of  intake  of  AI2O3  from  ZrB2  in 
graphite  anode  of  air  arc  at  current  20  A. 

1  -T  =  2400  K,  2  -  T=  2300  K,  3  -  T  =  2200  K. 

t  T 

C  =  C0(  1  -I  Idt/|  Idt)  (3) 

0  0 

where  t  -  current  time,  T  -  the  time  of  total 
evaporation  of  an  element. 

Experiments  show  that  curves  in  coordinates 
(ln(Co/C)  -  t)  are  indeed  straight  lines  and  rate 
constants  k  were  determined  from  the  slope  of  the 
lines  (Fig.2). 


Fig.2  Determination  of  rate  constants  of  thermal 
dissociation  of  AI2O3  from  ZrC  in  air  arc  at  current 
20  A.  1  -  T  =  2350  K;  2  -  T=  2200  K;  3  -  1940  K;  4 
-  T=  1800  K  (depth  of  electrodes  are  3,  4.2,  6,  7 
mm  respectively) 
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From  known  rate  constants  at  the  given 
temperatures  activation  energies  of  process 
thermal  dissociation  have  been  calculated. 
Chemical  reactions  of  reduction  by  carbon  have 
been  studied  preliminary  in  argon  arc  on  some 
oxides,  chlorides  and  fluorides  with  well  known 
thermal  constants.  Results  are  presented  in  the 
table  1. 


Table  1 .  Measured  activation  energies  of  carbon- 


Matrix 

Activation  energy, 

kJ/mol 

BaO 

142 

MgO 

293 

NaF 

100 

CaO 

92 

AgCl 

84 

NaCl 

84 
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Evaporation  of  AI2O3  from  carbon  or  TiC 
matrix  in  air  arc  indicates  that  reaction  probably 
proceeds  through  the  stage  of  formation  of 
unstable  compounds.  Reductions  of  aluminum 
oxide  may  proceed  by  to  ways: 


A1203  +  3C  =  2A1  +  3CO  (4) 

2  AI2O3  +  6C  =  AI4C3  +  6CO  (5) 


Free  enthalpy  of  reaction  (4)  at  temperature 
of  a  sample  of  about  2000  K  is  positive  (AG  = 
62.8  kJ/mol)  so  this  reaction  is  impossible. 
According  to  [2,  3]  reaction  (5)  is  possible  and 
results  in  formation  of  unstable  aluminum  carbide 
having  enthalpy  of  vaporization  353.7  kJ/mol. 
Measured  activation  energy  Ea  for  A1203  is  175.8 
kJ/mol.  Comparison  of  activation  energies  with 
enthalpies  of  sublimation  indicates  that  there  is 
correlation  between  them.  Measured  Ea  lies  in  the 
range  0.4  -  0.6  of  AHS°.  These  results  indicate  that 
intake  of  vapors  into  discharge  plasma  is  not 
simple  evaporation  but  accompanied  by  chemical 
heterophase  reactions  of  powders  studied  with 
carbon.  Proposed  method  allows  to  study 
processes  in  electrodes  at  high  temperatures  in 
direct  current  arc. 

By  this  method  were  investigated  kinetic  of 
thermal  dissociation  such  refractory  additions  as 
MgO,  Fe2C>3,  Ti02  in  zirconium  silicides  Zr2Si, 
ZrSi2,  Zr5Si3  and  also  Zr02,  Si3N4. 
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INVESTIGATION  OF  BIOMATERIALS  BASED  ON  BIOLOGICAL 
HYDROXYAPATITE  FOR  EXTREME  ENVIRONMENTS  OF 

ALIVE  ORGANISMS 

Brusko  A.T.(1),  Sulyma  V.S.(1),  Ivanchenko  L.A.(2>,  Podruchniak  E.P.(3),  Pinchuk  N.D.(2) 

(1)  Institute  of  traumatology  and  orthopedic  of  MSA  of  Ukraine,  Kyiv,  Ukraine 

(2)  Institute  for  Problems  of  Materials  Science  of  NAS,  Kyiv,  Ukraine 

(3)  Institute  of  gerontology  of  MSA  of  Ukraine,  Kyiv,  Ukraine 


Present-day  medicine  uses  more  actively 
biological  materials  for  replacement  of  bone 
defects,  which  arise  owing  to  traumas  or  diseases 
of  an  osteal  tissue.  The  introduction  of  an  implant 
in  an  osteal  tissue  of  an  alive  organism  results  in 
building  extreme  conditions  in  a  local  field  new 
created  of  a  bone,  and,  probably,  and  all  organism. 
Study  of  a  response  of  an  organism  on  introduction 
in  it  of  simulated  substitutes  of  fields  of  a  bone 
represent  a  serious  problem.  The  successful 
solution  of  this  problem  is  important  for  a  choice 
of  biomaterials  with  given  properties  from  a  wide 
spectrum  of  materials  developed  in  the  given  time. 

The  character  of  modifications  in  a  field  of 
an  implantation  can  be  investigated  by  X-ray 
method  per  day  of  operation  and  at  different  stages 
of  an  adhesion  or  gystomorphological  by 
examinations  of  fields  new  created  of  a  bone  after 
deduction  animal  of  experiment. 

We  have  proposed  [1,2]  to  use  a  composite 
material  in  surgery  that  is  based  on  bioactive 
biological  hydroxyapatite,  which  is  the  mineral  in 
bone  tissue  obtained  by  heat  treatment  of  bones. 
Such  biomaterials  are  more  economical  than 
analogous  ones  that  contain  synthetic 
hydroxyapatite  and  they  represent  the  use  of  cheap 
natural  raw  material  in  technological  processes 
involving  appreciably  lower  energy  consumption. 

In  the  present  work  are  submitted  results  of 
X-ray  and  gystomorphological  examinations  of 
new  created  osteal  tissue  fields  of  adult  dogs  which 
were  implanted  biomaterials  on  the  basis  of 
biological  hydroxyapatite  after  synthetically  built 
apimetaphyseal  and  diaphyseal  defects  tibiae  of  a 
bone.  The  implants  by  the  way  of  granules  of 
different  dimension  and  with  the  various  contents 
hydroxyapatite  were  made  by  a  method  of  a  low- 
temperature  sintering. 

The  postoperative  term  experimental 
animal  transited  without  complications,  the 
adhesion  of  wounds  descended  by  a  first  intention, 


support  of  pelvic  extremities  was  saved. 

It  is  by  X-ray  method  fixed,  that  in  3 
weeks  after  an  implantation  of  all  kinds  granules 
around  of  an  implant  the  nonuniform  density  of  an 
osteal  tissue  with  indistinct  contours  are  observed. 
Through  13  and  15  weeks  the  sharpness  of 
contours  was  even  more  lost.  In  26-30  weeks  a 
rather  small  part  of  an  implant  was  saved 
invariable  on  X-ray  density. 

It  is  fixed  in  gystomorphological 
examinations  rezults,  that  in  3  weeks  of  stay  of  an 
implant  in  an  osteal  tissue  around  of  its  granules 
the  heavy-bodied  web  new  creates  osteal  beams  is 
founded.  From  the  party  intratrabecular  of  hollows 
osteal  beds  grew  in  a  biomaterial  the  veins  and 
osteogen  with  shaping  of  islands  of  an  osteal 
tissue.  The  depth  of  a  germination  of  an  osteal 
tissue  compounded  1,5-2  mm.  It  is  observed 
directly  opposition  of  an  osteal  tissue  on  granules 
of  a  biomaterials.  In  13-15  weeks  after  an 
implantation  are  formed  web  osteal  beams 
permeated  volume  of  a  implant. 

The  majority  of  implants  granules  gave  in 
to  a  degradation,  fragmentation  and  sequential 
replacement  by  an  osteal  tissue.  In  a  fig.  are 
submitted  comparative  dynamics  of  shaping  of  an 
osteal  tissue  around  of  biogranules  of  two  types 
(with  glass  phase  and  without  it)  on  different  terms 
of  observation.  At  an  implantation  of  biomaterials 
contained  glass  phase,  the  rate  of  an  osteogenesis 
was  a  little  bit  higher,  than  at  an  implantation  of 
biomaterials  which  are  not  contained  glass  phase. 
It  is  necessary  to  note,  that  the  maximum  rate  of 
creating  of  a  new  osteal  tissue  is  observed  in  more 
later  terms  of  implant  stay  in  alive  organisms. 
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Figure.  Relative  area  of  new  created  osteotissue 
around  of  biomaterial  a  granules  (160-500)  micron 
in  different  terms  after  its  implantation  (1  -  with 
glass  phase;  2  -  without  glass  phase). 


The  dynamic  overseeing  by  shaping  of  an 
osteal  tissue  around  of  granules  of  different 
dimension  has  not  revealed  sharp  differences.  It  is 
observed  nevertheless  at  use  of  larger  implant 
granules  (it  is  more  500  micron)  the  major  rate  of 
shaping  of  an  osteal  tissue  in  the  term  between  3- 
15  weeks  after  implantation. 

The  results  of  X-ray  and 
gystomorphological  of  examinations  of  implants 
on  the  basis  of  biological  hydroxyapatite  have 
found  absence  of  inflammatory  process  of  separate 
fields  and  all  organism  as  a  whole  at  all  stages  of 
observations.  The  high  adhesion  new  created  of  an 
osteal  tissue  with  a  surface  of  biogranules  of  a 
biomaterial  without  development  fibrous  of  a 
sheath  is  revealed,  that  testifies  to  adequate 
interaction  of  a  stuff  with  adjacent  tissues.  The 
positive  property  of  utilized  biomaterials  is 
availability  of  a  porosity  of  beads,  that  promotes 
shaping  of  a  heavy-bodied  web  osteal  beams  and 
permeation  of  an  osteogen  in  pores  of  granules  and 
space  between  granules. 

The  glass-reinforced  granules  of 
biomaterials  based  on  biological  hydroxyapatite 
seem  to  have  suffered  some  surface  dissolution 
since  their  tips  appear  rounded  off  after 
implantation  and  major  relative  area  of  new 
created  osteotissue  around  particles  is  possibly  due 
to  some  greater  resorption. 

These  results  indicate  that  silicate  ion 
dissolved  from  bioactive  glass-ceramic  synthesed 
by  us  also  plays  the  essential  role  in  forming  the 
osteoapatite  in  the  living  bone  of  mammals. 
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Complex  cleaning  and  dewatering  of 
gases,  fuel  and  lubricants  from  mechanical  impuri¬ 
ties  is  a  promising  application  for  porous  perme¬ 
able  materials  (PPM)  which  are  determined  by 
their  structural  and  capillary  properties  [1], 

Effectiveness  of  removing  mechanical  im¬ 
purities  by  porous  materials  is  determined  by  shape 
and  sizes  of  pores  and  material  thickness.  Moisture 
separation  depends,  first  of  all,  on  capillary  prop¬ 
erties  of  pores  surface.  Adhesion  interaction  takes 
place  during  the  contact  between  water  and  hard 
surface,  which  influences  effectiveness  of  moisture 
separation. 

Characteristics  of  adhesion  between  a 
compact  hard  body  and  a  liquid  are  not  the  same  as 
compared  to  adhesion  between  a  porous  body  and 
a  liquid.  On  porous  surface  edge  angle  0  is  not 
true,  but  is  a  seeming  edge  angle.  Porosity  if  a  hard 
surface  increases  a  seeming  edge  angle,  if  the  true 
one  is  less  than  90°.  Higher  porosity  of  a  hard  sur¬ 
face  may  lead  to  significant  reduction  of  wetting 
even  in  a  case  of  hydrophilic  surfaces.  That’s  why 
water-repellency  is  not  a  function  only  of  a  wetting 
angle  and  for  its  estimation  we  need  to  use  pa¬ 
rameters  of  porous  structures  correlating  to  water- 
repellency. 

A  porous  material  is  usually  considered  as 
a  system  of  open  cylinder  capillaries  with  an  aver¬ 
age  diameter  of  d.  Capillary  pressure  P=4a  cos0/d 
(a  -  surface  tension)  causes  suction  of  liquid  into  a 
capillary.  In  conditions  of  complete  wetting  0  =  0, 
cos  0  =  1,  and  P  is  maximal.  At  non-complete  wet¬ 
ting,  when  0  >  0°,  cos  0  <  1,  value  of  P  reduces.  At 
0  >  90°,  cos  0  changes  its  sign  and,  correspond¬ 
ingly,  capillary  pressure  changes  its  direction  as 
well  preventing  ingress  of  moisture  into  pores 
(anti-capillary  pressure).  Cosine  of  edge  wetting 
angle  for  porous  and  polymer  materials,  deter¬ 
mined  according  to  method  [2]  is  presented  in  Fig¬ 
ure  1. 

In  Fig.l  you  can  see  that  bronze  has  the 
least  value  of  cos  0  from  all  metals,  and  PTFE  - 
from  polymers.  The  following  investigations  [3] 
showed  that  the  least  moisture-absorption  capacity 
was  determined  for  PPM  from  bronze  and  PTFE 


powders,  and  the  highest  -  for  PPM  from  titanium 
and  copper  powders.  At  the  same  time  porous  tita¬ 
nium  holds  moisture  at  the  highest  temperature 
comparing  to  other  materials.  Investigations  of 
water  yielding  capacity  of  different  PPM  during 
their  drying  at  100  °C  showed  that  PPM  from  tita¬ 
nium  powder  have  high  moisture  capacity  and 
high  ability  to  hold  it  [3]. 


Figure  1.  Cosine  of  edge  water  wetting  angle  for  dif¬ 
ferent  materials. 

Taking  all  the  mentioned  above  into  con¬ 
sideration  at  least  two  PPM  with  different  pa¬ 
rameters  of  porous  structure  and  physical  and 
physical-chemical  properties  are  necessary  for  ef¬ 
fective  separation  of  water  vapor  and  droplets  from 
fuel,  lubricants  and  compressed  gases. 

Thus,  for  cleaning  and  dewatering  fuel  a 
composite  metal-polymer  PPM  (MPPM)  was  de¬ 
veloped  consisting  of  two  layers.  Substrate  was 
made  of  sintered  bronze  powder  (thickness  3-4 
mm)  which  provides  mechanical  strength,  neces¬ 
sary  cleaning  fineness  and  permeability,  and  a  thin 
selective  hydrophobic  layer  is  precipitated  in  vac¬ 
uum  when  a  PTFE  block  is  exposed  to  focused 
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CCMaser  radiation  and  generation  at  certain 
modes  of  ultra-fine  fibre  [4],  Porosity  of  a  fibre 
PTFE  layer  can  reach  80-90%,  it  can  be  formed  on 
quite  complex-shaped  parts.  Technology  enables  to 
control  porosity  according  to  thickness.  A  MPPM 
like  that  enables  to  separate  water  from  fuel  and 
liquid  oil.  At  the  same  time  PTFE  serves  as  a  wa¬ 
ter-repellent,  which  is  practically  not  permeable  for 
water  and  other  polar  liquids.  General  look  and 
structure  of  a  filter  element  are  presented  in  Fig.  2. 


Figure  2.  Structure  of  porous  material  «PTFE  -  bronze» 
for  fuel  dewatering. 

A  test  sample  of  filter  element  from  this 
MPPM  was  tested  at  Minsk  Motor  Works  on 
summer  diesel  fuel  with  density  of  0.84  g/cm3  and 
viscosity  of  3.6  cSt  for  its  corresponding  to  stan¬ 
dard  requirements  for  filters  of  rough  and  fine 
cleaning.  Test  results  have  showed  that  cleaning 
completeness  for  mechanical  impurities  was  95-98 
%  and  can  be  increased  by  optimization  of  porous 
structure  of  metal  porous  layer,  and  completeness 
of  moisture  separation  from  diesel  fuel  was  100  % 
at  any  test  mode. 

To  dry  compressed  air  and  other  gases  we 
have  developed  two  types  of  double-layer  MPPM 
based  on  porous  titanium  -  with  a  selective  PTFE 
layer  produced  according  to  the  technology  men¬ 
tioned  before,  and  a  selective  layer  from  HPPE  fi¬ 
bre  deposited  according  to  «Melt-blowing»  method 
[5].  A  selective  layer  provides  cleaning  from  me¬ 
chanical  impurities  and  moisture  droplets.  A  layer 
from  porous  titanium  with  big  pores  has  high 
moisture  absorption  and  moisture  capacity  to  pro¬ 


vide  vapour  condensation  and  holding  of  formed 
droplets  in  pores.  Tests  have  showed  close  char¬ 
acter  of  both  types  of  MPPM,  and  lower  cost  of 
MPPM  with  a  selective  layer  from  HPPE.  In  Fig¬ 
ure  3  you  can  see  general  look  and  structure  of  a 
filter  from  the  last  material. 


Figure  3.  Structure  of  porous  «HPPE  -  titanium»  mate¬ 
rial  for  drying  compressed  air. 

Dew  point  when  drying  air  with  MPPM 
with  a  selective  layer  form  HPPE  fibre  reduces  to 
-5  °C,  completeness  of  cleaning  from  droplets  and 
vapors  reaches  99.99  %. 

The  investigations  carried  out  have  showed 
that  MPPM  «PTFE  -  bronze»  is  the  most  effective 
for  water  separation  from  fuel  and  lubricants; 
«PTFE  -  titanium»  or  «HPPE  -  titanium»  -  for 
drying  compressed  gases. 
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Investigations  of  structure-formation  peculiarities 
and  basic  properties  of  gas-pumping  devices  of 
gas  TFE  turbines  produced  from  IRIK- 7  alloy 
under  affecting  energy  of  charged  flow  of 
particles  during  impulse  discharges  were  carried 
out  after  their  micro-plasma-chemical  treatment  in 
low-voltage  controlled  discharge  by  modifying 
transformed  structure  with  an  acoustic  impulse. 

At  the  same  time  functional  composite  coatings 
based  on  nickel  with  introducing  alloying 
elements  (Cr,  Al,  Y)  promoting  increase  of  heat- 
resistance  were  formed  on  surfaces  under 
investigation.  Thickness  of  coatings  on  samples 
was  30-60  mkm. 

Phase  composition,  morphology,  microhardness, 
roughness  and  heat-resistance  of  two  coatings 
formed  in  changing  micro-plasma-chemical 
treatment  conditions  were  studied. 

Phase  compositions  of  formed  coatings  were 
determined  with  the  help  of  «/IpoH-3M»  and 
«/Ipon-4»  diffractometers  in  symmetric  shooting 
according  to  Bragg-Brentano  using  Cu-Ka- 
radiation.  Coating  microhardness  was  determined 
according  to  Knupp’s  method,  roughness  was 
controlled  according  to  Ra  parameter  on 
roughness-indicator  296,  heat-resistance 
according  to  the  standard  method. 

It  is  know  that  different  phases  may  form  -  hard 
solution  of  alloying  elements  in  TUK-Ni  (y-phase) 
and  intermetallide  phases:  NiAl  (P-phase),  Ni3Al 
(y-phase),  Ni2Al3  (5-phase)  -  depending  on 
element  composition  of  coatings  and  temperature 
of  interaction  according  to  the  diagram  of  the  «Ni- 
Al-Cr»  system  phase  conditions. 

It  was  determined  that  a  coating  based  on  Ni-Cr- 
Al,  despite  its  formation  mode,  is  a  Ni-hard 
solution  of  alloying  elements  with  lattice  period 


of  a  «3. 59-3.60  A°.  Presence  of  texture  was 
determined  in  the  direction  (002).  On  the  sample, 
where  yttrium  was  introduced  into  its  coating,  we 
have  produced  a  coating  close  in  its  phase 
composition  to  the  conditional  diagram,  but  there 
were  some  differences:  first,  increase  of  rifK-Ni 
lines  intensity  (111),  second,  reflexes  of  p-phase 
at  the  background  level.  Nevertheless,  quantity  of 
this  intermetallide  phase  is  small  (about  5%). 

Besides,  broadening,  asymmetry  and  increase  of 
lines  intensity  (lll)-Ni  is  observed.  At  high 
reflection  angles  reflexes  are  observed. 
Intermetallide  NiAl  (P-phase)  phase  is  identified. 
Asymmetry  of  the  peak  (111)  can  be  stipulated  by 
coherency  of  crystal  lattices  y-  and  P-phases. 

In  difractograms  of  Ni-Al-Cr  coatings,  produced 
according  to  combined  scheme  of  micro-plasma- 
chemical  treatment  including  ultrasound  effect 
having  higher  plasticity,  we  have  determined 
formation  of  significant  .HYIUIET  at  20=42°+45° 
angles  and  additional  P-phase.  In  the  result  of 
pointing  out  the  line  (1 10)  of  P-phase  intensity  of 
the  riJK-N  i  peak  reduces.  Increase  of 
intermetallide  phase  leads  to  increase  of 
microhardness  for  these  coatings. 

Introduction  of  Yttrium  into  coating  composition 
leads  to  significant  changes  in  phase  composition: 
formation  of  Ni3Al  reflexes  (y-phase)  and 
chromium  carbides  Cr23C6  (or  Cr3C2).  High 
intensity  of  intermetallide  phase  lines  proves  of 
its  high  concentration  in  the  coating. 

It  is  known  that  NiAl  intermetallide  phase  is  more 
preferable  for  protection  of  turbine  blade  working 
surface  from  high-temperature  oxidation,  which 
forms  in  the  coating  of  the  mentioned 
composition  produced  according  to  combined 
treatment  scheme  with  ultrasound  effect. 
Mechanism  of  P-NiAl  -phase  is  similar  to 
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exhaustion  of  protective  properties  of  heat- 
resistant  coatings  at  high  operational  temperatures 
(~  1 000  °C),  and  in  the  result  of  that  Ni3Al  +  hard 
Ni  solution  form  with  the  following  oxidation  (to 
NiO,  NiAl204). 


Coating  based  on  Ni-Cr-AI  with  optimal 
concentration  of  y+P  -  phase,  formed  according  to 
the  combined  scheme  with  ultrasound  effect,  has 
the  highest  heat-resistance. 
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In  the  last  year,  growing  interest  to  suboxide 
phases  of  boron  could  be  explained  regarding, 
first  of  all,  their  high  hardness  (diamandand  CBN 
are  better  of  some  phases  only)  and  lightness.  In 
the  present  paper  results  of  study  of  boron 
anhydride  interaction  with  powderous  boron  of 
two  different  modifications  are  reported.  The  aim 
of  the  investigation  is  to  study  the  nucleation  and 
growth  mechanisms  in  heterogeneous  system  of 
suboxide  boron  phase  and  find  out  nature  of 
inheriting  by  the  yield  of  properties  of  one  of 
precursors,  in  particular,  boron.  In  the 
investigation  the  most  spread  commercial 
powders  of  two  modification  of  boron,  black 
amorphous  (Bam)  and  rhombohedrical  (Br)  were 
used.  It  is  common  practice  to  suppose  that  their 
difference  in  reaction  capabilities  is  great.  But  the 
most  important  is  that  this  two  powderous  borons 
were  chosen  because  of  their  significant 
difference  of  their  particles  morphology. 
Characterisation  of  as  initial  boron  powders  as 
products  of  their  synthesis  was  carried  out  by 
means  of  crystal-optical,  X-Ray,  chemical, 
electron  microscopy  and  IR-spectroscopy 
methods. 

It  was  found  out  that  Bam  obtained  through 
crecking  of  borines  and  Br  obtained  through 
magnium  thermal  reduction  of  B2O3  differs  not 
only  by  the  order  of  crystallity.  Boron  powders 
TEM  images  (fig.l,a)  show  B^  consist  of 
homogenous  in  shape  (like  balls)  particles  but 
significantly  various  in  size,  diameter  of  which  is 
from  30  to  150  nm.  Specific  surface  (Ss)  of  Bam 
measured  by  means  of  the  BET  method 
employing  an  ASAP-2000M  device  is  9,3  m2/g.  In 
IR  transmission  spectra  of  B^  the  characteristic 
lines  of  the  lattice  absorption  are  absent.  Powder 
of  Bcr  consist  of  homogenous  enough  particles  in 
shape  of  splinters  (fig.l,b)  with  the  size  of  which 
is  0,5-1  mkm.  In  the  yield  there  are  also  individual 
bigger  particles  in  shape  of  rods  and  3-5  mkm  in 
length  and  particles  in  shape  of  right  rectangles 


with  size  less  than  0,5mkm.  Specific  surface  of 
Bcr  powder  is  3,4  m2/g.  Thus,  initial  boron 
reagents  significantly  differ  not  only  in  its  inner 
structure  (X-Ray,  IR-spectra)  but  also  apparently 
(dispersity  and  morphology  of  particles)  that 
obviously  has  to  affect  on  properties  of  products 
synthesized.  Temperature  and  kinetic  functions  of 
B2O3  interactions  with  as  Bam  as  Bcr  boron  were 
investigated  at  1000-1500°C  using  a  vacuum 
furnace  with  the  tungsten  heaters  and  carbon  free 
crucibles.  Reaction  capabilities  of  boron 
modifications  under  investigation  with  B203  were 
compared  and  studied  as  in  vacuum  as  in  the 
medium  of  inert  gas  by  means  of  high- 
temperature  derivatogroph.  In  conditions 
comparable  temperature  at  which  reactions  with 
Bam  starts  is  approximately  160  °C  lower  within 
all  heating  rates  than  that  when  Bcr  was  used  and 
at  20  degree/min  rate  of  heating  is  1260  and 
1420°C,  respectively.  Temperature  of  the  reaction 
start  practically  does  not  depend  on  nature  of 
reaction  medium  but  its  decreasing  is  observed 
when  rate  of  heating  was  lowered.  Derivatograms 
of  boron  interaction  with  B20#  contain  two  (endo- 
and  exothermal)  peaks  which  characterize  B203 
melting  (T=340°C)  and  boron  suboxid  phase 
formation,  respectively.  Influence  of  initial  boron 
state  is  performed  not  only  on  temperature-time 
parameters  of  B203  reduction  process  but  also  on 
chemical  composition  of  powderous  suboxide 
boron,  its  dispersity  and  what  is  the  most 
important,  morphology  of  its  particles  (fig.l,c,d). 
According  to  results  of  chemical  analysis,  the 
phase  with  composition  B6>30  is  formed  from  Bam 
whereas  when  Bcr  is  used  the  phase  of  B6jsO 
composition  is  obtained.  X-ray  spectra  of 
products  obtained  of  B^  and  Bcr.  are  similar  and 
correspond  B60  phase.  However,  respect  of 
relative  intensities  of  main  peaks  in  X-ray 
patterns  of  both  products  is  remarkably  different. 
IR  transmission  spectra  of  B^O  and  B650 
powders  also  differ  when  the  absorption  lines  are 
considered  (fig.2).  But  the  most  interesting  fact  is 
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that  varying  in  dispersity,  powder-like  B^O  and 
B650  are  remarkably  different  when  their 
particles  surface  morphology  observed. 
Moreover,  morphology  of  both  products  particles 
clearly  enough  resembles  morphology  of 
appropriate  initial  boron  reagents.  For  example, 
B6i30  particles  are  a  bit  circular  in  shape.  It  is 
worth  noticing  that  some  of  B6,30  particles  have 
passing  through  hollows  which  are  of  right  shape. 

Thermostability  in  air  of  B^,  Bcr,  B6,30  and  B6,50 
investigated  in  non  isothermal  mode  testifies  on 


considerably  higher  temperatures  of  boron 
suboxide  oxidation.  It  is  that  B6,50  oxidation 
occurs  at  temperature  as  low  as  535°C,  whereas 
B6  3O  is  already  oxidized  at  T=445°C. 

Therefore,  obtained  results  undoubtedly  proves 
that  boron  suboxide  also  gets  in  some  extent  the 
reaction  capability  of  initial  boron,  when 
inheriting  the  morphology  of  initial  boron  during 
process  of  its  synthesis. 
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Using  the  concentrators  of  solar  radiation  for  solar 
furnaces  is  one  of  the  ways  for  mastering 
renewable  ecologically  pure  solar  energy.  This 
process  is  restrained  to  a  considerable  extent  by 
the  absence  of  the  serial  production  of  optical 
concentrating  systems  which  are  expensive 
enough.  The  two  concentrators  of  2,8  and  5,0  m 
diameter  were  created  in  the  IPMS  NASU  of 
Ukraine  (IPMS)  in  1973  by  gluing  small  plane 
mirrors  (facets)  onto  the  surface  of  metal  antennae 
of  parabolic  profile.  Their  almost  30  years 
operation  has  shown  the  possibilities  to  realize  the 
wide  range  of  high-temperature  processes  [1]  with 
their  help  and  has  confirmed  the  expediency  and 
perspective  of  using  obsolete  antennae  as  a  basis 
of  solar  furnaces.  This  method  makes  it  possible 
to  reduce  considerably  their  cost  and  time  of 
manufacturing.  The  multiple-stage  technology  for 
applying  the  reflecting  layer  and  the  analytical 
method  for  determination  of  the  facets  optimum 
dimensions  [2]  are  developed  in  the  IPMS.  The 
purpose  of  the  given  work  is  to  analyze  available 
constructions  of  paraboloidal  antennae  as  a 
potential  base  of  solar  furnaces  (SF)  after  the 
operating  service  life  of  these  expensive  modem 
mechanical  articles  is  over.  Reflector-type 
antennae  of  radio-technical  systems  for  the  super- 
high  frequency  (SHF)  convert  the  radiation  of 
point  source  into  the  system  of  parallel  beams. 
But  they  also  can  be  used  with  the  opposite 
purpose  as  concentrators  of  solar  radiation  which 
bring  the  parallel  solar  beams  in  focus.  For  this 
purpose  orate  antennae  can  be  used.  Reflector- 
type  antennae  for  the  microwave  range  are  of  their 
kind.  They  differ  by  their  construction  because  the 
range  of  the  problems  being  solved  with  their  help 
is  very  wide.  Focusing  reflectors  (mirrors)  of  the 
antennae  can  be  of  various  profiles  such  as 
paraboloid,  truncated  paraboloid,  paraboloidal 
cylinder,  cone,  sphere  etc.  They  can  be  all  metal, 
cribrate,  reticular  for  reducing  their  weight. 
Almost  half  a  century  orate  antennae  of  various 
profiles  are  used  in  the  following  systems: 
wireless  distance  and  superdistance 
communication  [3],  control  of  artificial  earth 
satellites  [4],  radiolocation  [5],  radioastronomy. 


All  these  systems  differ  by  the  high  degree  of  the 
concentration  of  microwave  antennaie  equipment 
because  the  linearity  of  SHF  waves  propagation 
requires  using  retransmitting  (radio  relay)  stations 
equipped  by  the  systems  of  the  following  two 
types: 

the  systems  using  direct  wave  radiated  by  a 

transmitter; 

the  systems  using  the  waves  reflected  by  the 

troposphere  or  ionosphere  heterogeneities. 

They  are  radio  relay,  troposphere  and  satellite 

communication  lines. 

Great  reflector-type  aerials  (GRTA)  used  on  the 
whole  in  space  satellite  communication  and  radio- 
astronomy  represent  the  special  class.  The  concept 
GRTA  is  used  both  for  accentuating  great  linear 
dimensions  (tens  meters  and  more)  and  great 
electric  dimensions  which  are  assumed 
conditionally  to  be  above  500-1000/..  Such 
classification  which  is  carried  out  relatively  the 
spheres  of  application  of  antenna  system  equipped 
by  reflectors  makes  it  possible  to  determine 
potential  heat  power  of  each  system  when  they  are 
used  as  solar  furnaces.  The  systems  of  radio  relay 
communication  are  equipped  by  paraboloidal, 
spherical  and  elliptic  reflector  measuring  from  1 
up  to  9  meters. 

The  system  of  troposphere  and  ionosphere 
communication  are  equipped  paraboloidal 
reflectors  (round  and  square)  measuring  from  9  up 
to  20  meters. 

The  systems  of  satellite  communication  (ground) 
are  equipped  by  paraboloidal  and  horn- 
paraboloidal  reflectors  measuring  from  5  up  to  25 
meters.  The  GRTA  are  manufactured  on  the 
whole  in  the  form  of  paraboloid  measuring  from 
20  up  to  300  meters.  The  systems  of  radar 
detection  are  equipped  by  paraboloidal,  spherical 
and  other  reflectors  (the  on-board  reflectors 
measuring  from  o,6  up  to  2  meters  and  ground 
ones  -  from  2  up  to  12  meters.  All  the  enumerated 
systems  include  the  reflectors  of  the  diameter 
being  equal  from  0,2  up  to  300  m.  The  expected 
heat  power  of  these  antennae  overlap  the  range 
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from  0,2  up  to  30000  kW  when  they  are  used  as 
solar  furnaces. 

The  adduced  data  are  evidence  of  the  great 
nomenclature  of  available  antennae  and  the  wide 
range  of  the  power  of  the  concentrators  being 
manufactured  on  their  basis.  The  experience  and 
calculations  show  that  the  temperature  -  1700- 
2000  K  of  the  objects  in  such  solar  furnaces  can 
be  obtained  easily  enough  with  their  help.  It 
makes  it  possible  to  use  these  solar  furnaces  not 
only  in  materials  science  as  it  has  been  noted 
above  but  in  power  engineering  also.  In  particular, 
the  processes  of  solar  energy  thermo-chemical 
conversion  and  its  accumulation  in  hydrogen 
converted  gas  being  obtained  or  are  under 
thorough  investigation  in  some  countries.  Usually 
the  temperature  of  these  processes  is  not  above 
1300  K.  The  temperatures  in  the  Stirling  engine 
are  even  lower.  The  combination  of  the  last  with 
the  concentrators  of  solar  radiation  is  considered 
to  be  one  of  the  three  the  most  prospective  solar 
power  systems  in  the  plans  of  the  US  Department 
of  Energy  (DOE)  which  are  made  for  the  period 
till  2020  year  [7], 

The  power  of  such  concentrators  of  solar  radiation 
can  be  calculated  approximately  by  the  following 
formula: 

A/  =  ASmRn,  ( 1 ) 

where  R„  -normal  solar  radiation,  KWt/m2;  Sm  - 
useful  power  of  concentrator  maximum  cross- 
section,  m2;  A  —  efficiency  of  the  optical  system 
being  equal  to  the  relation  of  the  energy  obtained 
in  the  concentrator  focal  area  to  the  incident 
energy. 

In  the  case  of  the  concentrator  direct  orientation  at 
the  Sun  the  coefficient  A  can  be  assumed  to  be 
equal  to  0,6  —0,7,  but  many  factors  influence  upon 
its  value  and  the  concise  analysis  of  them  is  given 
in  the  address. 

It  would  be  noted  that  movable  paraboloidal 
antennae  covering  the  greatest  possible  trajectory 
of  the  Sun  movement  along  the  sky  are  the  most 
prepared  for  being  used.  All  the  immovable  or 
partly  movable  systems  the  profile  of  which 
differs  from  the  paraboloidal  one  need  the 
supplementary  analysis  concerning  their  use  as 
SF.  Movable  enough  antennae  do  not  exceed 
usually  60-70  m  by  the  diameter.  Immovable 


antennae  can  have  the  limited  using  during  the 
time  of  light  day  under  the  condition  of  their  fixed 
guidance  on  the  optimum  point  of  the  Sun 
trajectory.  As  an  example  the  radiotele-  scope  of 
030  m  can  be  mentioned  which  belongs  to  the 
branch  of  Physical  Institute  of  the  RAS 
(Katsively,  Crimea,  Ukraine).  It  is  made  of 
concrete  and  guided  by  the  summer  Sun  at  noon. 
During  2-3  hours  it  can  produce  about  350  kW  of 
heat  power  with  its  gradual  decrease. 

For  example,  it  is  enough  for  supplying  a  great 
sanatorium  with  hot  water. 

So,  “a  store”  of  radio-antennae  accumulated  all 
over  the  world  is  a  considerable  basis  for  the 
creation  of  solar  power  installation  of  various 
purposes  ensuring  the  prolongation  of  the 
operation  service  life  of  very  expensive  articles  by 
30  -  40  and  more  years. 
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ELECTRONIC  PROPERTIES  OF  YBa2Cu307-6  OBTAINED  UNDER  HIGH 

PRESSURE 
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Kurdyumov  Institute  for  Metal  Physics,  N.A.S.  of  the  Ukraine,  Kyiv,  Ukraine 


Introduction 

Studying  an  effect  of  external  actions  on  peculiarities 
of  electronic  properties  of  high-temperature 
superconductors  (HTSC)  in  a  normal  state  is  one  of 
the  actual  problems  for  HTSC  physics.  These 
characteristics  as  is  known,  determine  peculiarities  of 
superconductivity.  Interest  for  studying  the  electronic 
properties  of  YBa2Cu307-8  is  due  to  the  fact,  that  in 
YBa2Cu307_s  as  well  as  in  classical  superconductors 
of  A1 5,  Cl 5  structures,  etc.[l]  in  a  normal  state  the 
crystalline  lattice  instability  being  a  sign  of 
superconductivity  takes  place.  For  example,  in 
YBa2Cu3C>7_o  (the  compound  of  orthorhombic  1-2-3 
structure)  obtained  by  a  standard  technology  of  solid- 
phase  synthesis  the  crystalline  lattice  instability 
connected  with  oxygen  vacancy  ordering  by  their 
shifting  along  the  axis  0  was  observed 
radiographically  at  about  17  OK[2].  In  this  case  a 
symmetry  of  1-2-3  compound  was  not  changed.  It 
should  be  noted,  that  in  the  home  and  foreigh  lite¬ 
ratures  the  publications  dealing  with  experimental 
studying  the  physical  properties  of  usual  "porous" 
HTSC  obtained  by  the  standard  solid-phase  synthesis 
technology  are  consistently  increased.  As  is  known, 
critical  parameters  of  porous  HTSC  are  very  sensitive 
to  external  actions  and  they  degrade  to  attack  by 
moisture,  corrosive  atmosphere,  thermal  cycling  or 
ageing  in  the  course  of  time,  ets.  [3].  These  factors 
inhibit  to  use  the  porous  HTSC  widely  in  practice.  As 
was  mentioned  above  [4]  an  agregate  state  of  0  atoms 
in  pores  of  the  porous  HTSC  is  varied,  at  liquid- 
netrogen  temperature.  This  fact  effects  also 
negatively  on  superconducting  characteristics  of  the 
porous  HTSCs  and  on  their  operating  stability. 
Therefore  the  investigations  of  physical  properties 
and,  in  particular,  of  electronic  ones  in  porouless 
HTSC,  to  be  obtained  under  high  pressure  are  clean. 
There  are  no,  however,  the  works  dealing  with 
studying  the  physical  properties  of  HTSO  ceramics 
obtained  under  high  pressure  up  to  the  present*  This 
work  deals  with  the  investigation  of  physical 
properties  and,  in  particular,  at  78  and  300K  of  the  X- 
ray  emission  fluorescent  CuLa  1,2  and  OKa  i,2  spectra 
in  HTSC  ceramics  Yba2Cu307.5  (5=0,06  and  1,00), 
obtained  under  high  pressure  in  order  to  study  the 
peculiarities  of  the  electronic  structure  of  these 
compounds. 


Experimental  Results  and  Discuss 

The  technology  for  obtaining  HTSO  under  high- 
pressure  is  developed  by  Shevchenko,  and  behaviour 
peculiarities  of  the  temperature  coefficient  of  thermal 
expansion  (a)  in  YBa2Cu3C>7.s  are  also  developed  by 
him[5].  It  was  found,  that  the  relation  a(T)  at  about 
170K  has  that  peculiarities  which  can  be  connected 
with  appeared  polar  effect.  Theoretical  calculations 
of  the  relation  OC(T)  given  in  the  framework  of  the 
polaron  model[5]  showed  that  these  is  a  good  ag¬ 
reement  between  both  the  calculated  and 
experimental  curves  a(T).  In  this  work  the  spectra 
CuLa  ij2  and  OKa  were  investigated  by  using  the 
samples  YBa2Cu307.5  (8=  =0,06  and  1,00)  prepared 
by  powder  sintering  of  1-2-3  compound  under  high- 
pressure  (20  Kbar)  in  the  high-pressure  solid-phase 
chambers  ("the  Ghechevitsa"-type)  and  under  a 
hydraulic  press  with  20001  force.  Under 
thermobarometric  treatment  of  1-2-3  compound 
powders  the  oxygen  loss  was  removed  by  special 
technological  methods  providing  for  leek-pro  of  ness 
of  the  high-pressure  chamber  where  1-2-3  compound 
powder  surrounded  by  special  shielding  medium  was 
placed!  A  temperature  of  super-conducting  transition 
Tc  was  controlled  by  a  magnetic  measuring  method 
of  the  temperature  magnetization  relations.  Tc  was 
92K  but  below  Tc  with  appearing  Maisner  effect  a 
diamagnetic  response  was  observed.  The  samples 
YBa2Cu307.a  were  investigated  by  structural  X-rays 
under  high-pressure  by  using  a  diffractometer 
(DRON-2-type)  with  filtered  copper  radiation.  As 
showed  the  structural  X-ray  analysis  of  the  samples 
(7-8=  6,94)  they  have  the  distinct  orthorhombic 
structure  1-2-3  with  the  following  parameters  of  a 
crystalline  lattice:  a  =  3.833  A,  b  =  3.896  A,  c  = 
1 1 ,693  A.  A  content  of  oxygen  (7-5)  in  these  samples 
was  determined  by  the  known  structural  criteria 
setting  before  in  the  literature  for  HTSC  ceramics  of 
YBa2Cu307.g  obtained  by  a  standard  synthesis 
technology.  As  is  known,  as  a  result  of  the  multiple 
X-ray  investigations  of  YBa2Cu307^  the  oxygen  loss 
in  YBa2Cu307.8  was  found  to  be  accompanied  by  an 
orthorhombic-tetragonal  transition  of  1-2-3 
compound.  This  transition  is  accompanied  by  varying 
parameters  of  the  crystalline  lattice  in  an 
orthorhombic  phase.  With  decreasing  oxygen 
coefficient  (7-5)  from  7,0  to  6,0  both  the  parameter  of 
the  crystalline  lattice,  c,  and  the  difference  (c/3-b)  are 
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found  to  increase,  The  criterium  (b-a)  being 
characteristic  of  a  degree  of  orders  of  the  0  atoms  and 
vacancies  has  a  maximal  value  for  the  orthophase  and 
equals  zero  for  a  tetragonal  modification  of  1-2-3 
compound.  An  interaction  between  0  content  and 
crystal-lographic  parameters  of  1-2-3  compound  is 
found  in  a  literature.  One  is  described  by  the 
following  equation  r=65(n  -  1)  -  0.5,  where  n  = 
c/3yfab-l.  An  index  of  oxygen  is  determined  as  (7- 
8).  For  1-2-3  compounds  with  (7-8)  =  6,0  in  the 
tetragonal  phase  there  were  the  following  parameters 
of  o  o  the  crystalline  lattice:  a  =  3.86  A,  c=  1 1 .83  A. 
The  electronic  structure  of  metal  oxydes  YBa2Cu307. 
s  (5  =  0,06;  1,00)  obtained  under  high  pressure  has 
been  studied  by  the  X-ray  fluorescence  CuLa  !2  - 
and  OKa  ir2  —  bands.  The  first  ones  of  them  represent 
the  valence  (d  —  symmetry)  electrons  of  Cu  atoms 
while  the  seconds  do  the  valence  (p  —  symmetry) 
electrons  of  0  atoms.  The  spectra  have  been  obtained 
by  using  a  device  (GARF-l-type)  having  a  crystal- 
mono-chromator  RbAP  at  78K  and  300K.  In  the  first 
case  the  samples  were  liquid-nitrogen  cooled  but  in 
the  second  one  they  were  water-cooled.  The 
transition  8=0,06-8=1,0  is  accompanied  by  a  notable 
broadening  of  their  widths.  Usually  such  an  increase 
of  spectral  line  width  is  connected  with  growing 
uncoupled  spin  density  or  with  changing  local 
symmetry  of  3-d  metal  atom  surroundings.  The  last 
fact  seems  to  play  a  determining  part  in  the 
broadening  of  the  bands  CuLa  ii2  owing  to  changing 
structure  of  a  compound  while  with  toiown 
increasing  of,  Cu±state  balances  in  the  compounds 
being  close  to  8=1,0  a  mean  spin  density  on  Cu  atoms 
is  not  promoted  for  increasing.  The  comparison  of 
the  OKa  i  2-bands  of  metallooxide  ceramics  shows 
their  essential  chonging  intensities  in  the  area  of 
lower  values  of  phonon  energies  that  is  due  to  chan¬ 
ging  8  -  interactions  as  in  the  case  of 
metalloceramics  obtained  by  usual  technology[6], 
providing  for  chemical  bonds  between  0  atoms  and 
surroundings.  In  its  turn,  with  increasing  energy  of 
centre  of  gravity  in  the  OKa  ,,2-bands  from  525,1  eV 
for  YBa2Cu306  to  525,4  eV  for  YBa2Cu30694  the  fact 
is  showed,  that  delocalized  valence  p-electrons  of  0 
atoms  in  HTSC  increases  as  well.  A  change  in  the 
CuLa  i>2-band  structure  vs  the  temperature  of  the 
sample  YBa2Cu3C>6  94  is  also  setted  by  the  authors.  As 
shows  Fig.  1 


Fig.  1.  The  X-ray  CuLa  1 2-bands  of  the  compounds 
YBa2Cu306.94  at  78K(— — .),  at  300K  (.-•-.-.), 


a  superconducting  state  transition  of  the  compound 
YBa2Cu306.94  is  accompanied  by  increasing  intensity 
of  the  CuLa  i>2-band  in  its  short-wave  region 
including  the  Fermi  one.  Besides  this,  the  transition 
mentioned  results  in  short-wave  shift  (by  0,15  eV)  of 
the  centre  of  gravity  of  the  band.  Both  the  facts  show 
an  increasing  density  of  the  valence  d-electrons  on 
Cu  atoms  and  increasing  contributions  of  the  d- 
electrons  near  the  Permi  level  into  density  of  the 
electron  states. 
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DANTURES  MANUFACTURE  EMPLOYING  PLASMA  TECHNOLOGIES 

Besov  A.V. 

National  Technical  University  “KPI”,  Kiev,  Ukraine 


In  orthopedic  stomatology  an  important  problem, 
when  a  fixed  denture  manufactured,  is  to  provide 
tight  cohesion  of  a  facing  cover  with  a  metallic 
body  of  a  denture.  Strength  of  cohesion  of  metal 
with  polymer  and  ceramics  approached  due  to  the 
use  of  traditional  dental-technical  technologies 
often  does  not  meet  requirements  put  before  it  [1]. 

To  increase  strength  of  cohesion  and  improve 
esthetic  of  denture’s  appearance  a  new  technology 
was  developed.  The  main  feature  of  which  is  to 
depose  by  means  of  plasma  spraying  devices  a 
retentive  porous  metallic  layer  (micropearl)  on  the 
surface  of  a  denture’s  body.  The  layer  can  vary 
within  wide  range  from  50  to  300  tiikm  in  width 
[2]. 

In  terms  of  chemical  composition  a  sprayed  layer 
of  micropearls  is  identical  or  close  to  that  of  the 
bridge-like  denture’s  body  material  (stainless 
steel,  nickel-chromium  alloys,  cobalt-chromium 
alloys  (CCA),  titanium).  In  order  to  depose  a 
cover  on  a  small-sized  dental-technical  items 
under  conditions  of  stomatological  institutions  a 
plasma  device  of  small  dimensions  and  low  power 
(0.5... 2.0  kW)  which  is  electrically  supplied  on 
usual  mains  was  designed. 

Suitable  modes  of  intermediate  cover  layers 
spraying  on  materials  used  for  a  metallic  base  of 
dentures  were  worked  out  through  investigation  of 
the  influence  of  plasmatron  current,  kind  of 
plasma  forming  gases  and  its  consumption,  range 
of  spraying  and  size  of  sprayed  particles  on 
strength  of  the  cover  cohesion  with  a  substrate. 
Metallic  alloys  used  in  stomatology  along  with 
titanium,  cuprum,  gypsum  were  taken  to  form  a 
substrate. 

Optimal  spraying  modes  permit  to  obtain  covers 
with  required  thickness  in  dependence  upon 
duration  of  the  spraying  process  (30. . .  120  sec.). 


Fig.  1.  Scratch  of  a  metal-ceramic  denture  with 
retentive  layers  sprayed. 

1.  Teeth  protethed. 

2.  Metallic  crown. 

3.  Plasma  retentive  cover  of  CCA  powder. 

4.  Plasma  retentive  cover  of  aluminum 
oxide. 

5.  Porcelain. 

Stomatologic  covers  have  to  meet  certain 
requirements  on  density  and  strength.  Therefore, 
investigations  of  their  physical-mechanical 
properties  were  carried  out  following  standard 
methods. 

Investigations  of  plasma  sprayed  cover 
microstructures  showed  that  covers  have  a  porous 
sandwich-like  structure.  When  retentive  layers 
sprayed  on  a  monolithic  metal  denture,  there  is  a 
smooth  transition  from  the  base  material  to  the 
porous  metal  of  the  retentive  layer  to  which,  in  its 
turn,  elements  of  a  facing  cover  fit.  Thus, 
considerable  growth  of  the  surface  area  that 
occurs  during  the  plasma  spraying  favors  to  better 
mechanical  cohesion  of  the  facing  cover  with  the 
retentive  layer  of  micropearls.  Strength  of 
cohesion  of  samples  was  measured  by  the  normal 
detachment  method. 

Results  of  tests  revealed  that  the  use  of  plasma 
sprayed  retentive  layers  of  micropearls  increases 
strength  of  cohesion  3... 5  times  in  comparence 
with  traditional  methods  [3,4]. 
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Employing  of  the  plasma  spraying  in  orthopedic 
stomatology  permits: 

-  reduce  time  and  labor  force  consuming, 
when  dentures  manufactured; 
decrease  net  costs  and  improve  esthetic 
qualities  of  dentures. 
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EXPERIMENTAL  RESULTS  OF  A  CAST  COMPOSIT  MATERIAL 
INDUSTRIAL  USE  AT  EXTREMAL  EXPLOITATION  CONDITIONS 

Zatulovskv  A.S.,  Zatulovsky  S.S..,  Nguen  Van  Tan  (l),  Vu  Van  Mieng(1) 
Physico-technological  institute  of  metals  and  alloys  NAN  of  Ukraine,  Kiev,  Ukraine 
(1)Institute  of  machine  building  technologies  of  ministry  of  industry  of  Vietnam,  Hanoi,  Vietnam 


The  object  of  this  experimental  study  is 
heterogeneous  cast  composite  material  (CCM), 
consisting  of  plastic  matrixes  (bronze,  brass), 
reinforced  by  the  high  modulus  steel  granules  (the 
cast  shot  from  a  carbon  steel)  (Ill.  1).  CCM  may 
be  referred  to  irregular  isotropic  matrix  systems  in 
which  geometric  parameters,  in  determined 
degree,  are  random  quantities,  which,  however, 
depend  on  a  some  manyfactoral  law. 
Characteristics  of  such  sort  of  materials  most 
rationally  to  find  experimentally  for  concrete 
CCM  with  provision  of  particularities  of  structure, 
which  considerably  affect  on  a  level  of  working 
performance  data  of  the  material. 


111.1. 


Experimental  tribotechnical  tests  of  CCM  and 
production  usage  an  triboparts  carry  out  at  a 
number  of  plants  of  Ukraine,  uniquely  have 
proved  the  advantages  of  new  material  in 
comparison  with  traditional  ones.  The  results  have 
interest  for  Vietnam  industry  with  standpoint  of 
increasing  of  firmness  and  reliability  of 
functioning  of  machines  and  equipment, 
reductions  of  volumes  of  use  of  expensive  ferro¬ 
alloy  and  ligatures,  which  at  present  time  are 
imported  in  this  country.  The  study  of  CCM 
adaptation  in  production  is  executed  within 
the  framework  of  International  research  program 
of  development  and  use  of  new  constructional  and 
functional  materials  with  increased  working 
performance. 


At  first  stage  the  perspective  applications  of  CCM 
are  determined,  interested  enterprises  and  the 
concrete  details,  fabrication  of  which  from  the 
composite  actually  for  production  and  will  give  the 
maximum  technical-economic  effect.  Taking  into 
account  for  dimensions  of  chosen  troboparts, 
conditions  of  their  usage  the  CCM  compositions 
and  optimum  technological  parameters  of  making 
of  half-finished  products  with  use  the  method  of 
fluid-hard  consolidation  were  selected.  The 
technology  is  adapted  to  conditions  of  pilot 
production  of  Institute  of  technology  of  machine 
building  (IMBT,  c.  Hanoi).  The  most  acceptable 
decisions  are  found  experimentally  to  the  following 
technological  operations:  1)  preparation  reinforcing 
elements  and  matrix  alloys;  2)  CCM  half-finished 
products  consolidation  ;  3)  finish  processing  of 
products  from  CCM. 

Tribotechnical  test  of  the  CCM  samples,  which 
make  in  IMBT,  practised  in  Frantsevich  Institute  of 
Problems  of  Materials  science  of  the  NAN  of 
Ukraine  by  the  machine  of  friction  MT-68,  on  air, 
without  lubricant  in  pair  with  65T  steel  under 
constant  load  5  kg  and  velocities  of  friction  5,  10, 
15  m/c.  The  results  have  shown  that  CCM  wear- 
resistance  vastly  exceed  this  property  of  traditional 
material  -  wear-resistant  bronze  Ep05U,5C5,  for 
which  in  these  conditions  is  fixed  the  disastrous 
wear-out  and  intensive  carrying  the  material  from 
sample  to  counter-body  are  recorded.  Significant 
increase  to  wear-resistance  of  CCM  in  4-10  once 
observe  after  termal  processing  the  CCM  samples 
(hardening  in  water  with  840  °C  +  high  tempering 
under  600  °C).  It  is  installed  that  optimum  CCM 
structure:  reinforcing  granules  -  high  dispersed 
sorbit  of  tempering  furlough,  Hp  -  240  kg/mm2;  the 
matrix  -  grain  of  a  -  solution,  Hp  -  140  kg/mm2;  the 
clear  border  of  contact  of  phases,  without 
intermetallides  forming. 

As  a  result  of  trobotechnical  test  is  stated  that  CCM 
has  the  essential  advantages  on  wear  capability, 
carrying  abilities,  stability  under  increased 
temperature  and  loads  in  contrast  with  mono¬ 
materials  that  is  connected  with  presence  in 
structure  of  contact  layer  high  modulus  reinforcing 
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elements  (the  steel  granules),  which  1)  prevent  the 
development  of  plastic  deformation  (creep);  2) 
hold  up  formation  and  development  of  rifts  in 
wear  process.  Besides,  in  the  extreme  conditions 
of  dry  friction  on  the  contact  surface  of  bushing 
from  CCM  -  steel  shaft  (more  than  45  HRC)  are 
formed  strong  and  plastic  separating  films, 
reducing  factor  of  friction.  The  studies  have 
shown  that  separating  films  have  the  complex 
construction  and  consist  of  the  copper  and  iron 
oxidises  and  dispersed  products  of  wear-out  of 
granules. 

On  developed  technologies  the  tribodetails  are 
made  from  CCM  (the  sliding  bearings)  of 
different  equipment  and  machines  (the  ill.  2). 
Information  about  production  CCM  usage  in 
conditions  of  friction  during  0,5  -  1  yeas  is 
presented  in  table. 


The  results  of  experimental  study  and  earlier  data 
are  indicate  that  CCM  safely  works  in  the  high 
loaded  elements  of  friction  at  extreme  conditions  of 
lubricant  absence  absence  or  its  limited  presenting 
at  loads  before  15  MPa,  velocities  of  friction  before 
20  m/c,  temperature  before  850  °C. 

CCM  ability  to  work  is  confirmed  by  earlier  3-6 
years  of  operation  on  series  of  major  concerns  of 
Ukraine  and  others  countries.  Firmness  of  details 
from  CCM  in  2-5  once  above,  than  it  of  bronze, 
brasses,  powdered  composites  as  iron  -  graphite, 
bronze  -  graphite,  wear-resistant  cast  iron  that 
provides  increase  to  reliability  and  firmness  of  the 
working  elements  of  friction,  reduction  of  idle  times 
because  of  repair  of  equipment,  economy  of  energy 
and  material  expenses,  including  deficit  and 
expensive  colour  alloys,  ligatures  and  modifiers. 
Secondary  non-ferrous  metals,  scrap  of  copper 
alloys  using  for  production  of  CCM  products 
reduces  the  cost  and  technical-economic  advantage 
at  high  wear-resistant  CCM  using,  including  in 
mass  branches  of  machine  building:  in  energy, 
metallurgy,  car,  agricultural  and  others  areas  of 
machine  building. 


111.2 


Jf2 

Name  of  product  from 

Plant,  on  which  test 
is  organised 

Instead  of  what 
material  CCM  is 
used 

Increase  of 
the  usage 
period 

1. 

Bearing  of  sought-after  part  of  tractor 
(bulldozer) 

Repair  plant 

Bronze 

in  4,0  times 

2. 

Bearing  supporting  element  of  transporter 
of  coal  dust  (TH467) 

Heat  power  station 
Ninh  Binh 

Bronze, 

wearresistant  cast 
iron 

in  3,0  times 

3. 

Slide  bearing  (KH0309)  of  molding 
machines 

Sweet  factory 

Bronze 

in  5,0  times 

4. 

Slide  bearing  of  coffee  dryer 

State  farm  Ltichav 

Wearresistant  cast 
iron 

in  5,0  times 

580 


SECTION  E. 

EXPERIMENTAL  DATA  OBTAINED  FROM  PERFORMANCE  OF  MATERIALS  AND  COATINGS  IN  ON  LOCATION 

HAZARD  CONDITIONS 


OPTICAL  FURNACE  FOR  BOTH  INVESTIGATION  OF  MATERIALS 
THERMAL  PROPERTIES  AND  PROTECTIVE  COATINGS  OBTAINED 

Frolov  Alexander  A.,  Frolov  Gennady  A.,  Podchernjaeva  Irina  A. 

Frantsevich  Institute  for  Problems  of  Materials  Science,  NAS  of  Ukraine,  Kiev,  Ukraine 


The  elevated  power  optical  furnace  “Crystal-M” 
with  xenon  radiation  sources  was  developed  in  the 
IPMS  of  NAS  of  Ukraine  on  the  basis  of  the 
equipment  described  in  [1],  for  study  of  the  high 
temperatures  physicochemical  processes.  It  is  pos¬ 
sible  to  develop  various  methods  high- 
temperature  treatment  of  materials  and  obtaining 
protective  coatings  on  metals  and  ceramic  materi¬ 
als. 

The  optical  furnace  consists  of  three  ellipsoidal 
reflectors.  The  flKCIUPE- 10000  lamps  are  dis¬ 
posed  in  one  focus  of  every  ellipsoidal  reflector. 
Three  mirror  reflectors  were  placed  symmetrically 
respectively  of  the  equipment  axis.  Here  by  on  the 
installation  axis  was  a  region  out  off  light  fluxes, 
which  was  higher  more  then  20  sm.  over  the  focal 
zone.  The  sensing  units  and  devices  for  experi¬ 
mental  processes  registration  were  in  this  region. 
The  second  focuses  of  mirrors  are  combined  in  to 
one  focal  zone  in  which  a  treated  material  was 
been. 

Over  2  kW  of  the  concentrated  light  energy  flux 
(CLEF)  was  concentrated  in  the  general  focal  spot 
of  10  mm  in  diameter.  Maximal  magnitude  of  the 
average  light  energy  flux  density,  E,  in  the  focal 
spot  was  E=1,4T04  kW/m2  for  the  lamp  current,  I 
=  300A.This  corresponded  of  equilibrium  radia¬ 
tion  of  absolute  black  body  at  the  temperature 
Ta.b.b  =  4000  K.  The  maximal  magnitude  of  the 
average  light  energy  flux  density  in  a  focal  spot  of 
a  diameter  of  6  mm  at  1=300A  is  E=l,6-104 
kW/m2,  Tab.b.=  4100  K. 

The  fusion  experiments  for  high-melting  ox¬ 
ide-coated  compounds,  such  as  Hf02  (Tmeit  = 
3103  K)  and  Zr02  (Tme„  =  2973  K)  were  carried 
out.  It  was  shown  that  the  majority  of  high- 
melting  oxides  could  be  melted  in  this  optical 
furnace,  under  condition  of  the  sufficiently  level 
of  a  heat  insulation  of  melt  zone. 

The  optical  furnace  “Crystal-M”  was  used  for 
model  action  of  the  working  conditions  of  the 
materials,  which  were  used  in  the  extreme  high 
temperature  conditions  as  well. 

Isotropic  compact-grained  graphite,  so-called 
“graph  inol”  was  investigated  in  the  article  [2], 
This  material  was  developed  expressly  for  needs 
of  the  space  and  nuclear  industry  and  it  had  high 
resistance  to  thermal  shock  at  the  entry  of  space¬ 


ship  into  planets  atmosphere.  On  opinion  of 
authors  “graphinol”  is  an  ideal  object  for  study  of 
an  ablation  of  graphite  materials  at  the  peak  ther¬ 
mal  loads  conditions. 

The  energy  light  flux  density  for  the  “Crystal- 
M”  installation  had  high  sufficiently  magnitude. 
Therefore  this  installation  could  be  used  for  the 
simulation  model  of  a  thermal  shock  procedure. 
The  definition  method  of  an  efficient  thermal 
conductivity  was  developed  for  the  lamellar 
graphite  contained  materials. 


Fig.l.  The  scheme  of  measuring  of  a  thermal 
conduction  for  lamellar  heat-insulating  materials 
in  the  optical  furnace:  1 -sample;  2-thermocouples; 
3-stream  of  light  radiation;  4-  shutter  blind. 

The  thermocouples,  1,  were  placed  in  a  cylin¬ 
drical  sample,  2,  on  the  different  distance  from  the 
sample  surface  irradiated  by  the  CLEF.  It  was 
necessary  to  obtain  maximal  homogeneity  of  the 
light  flux  falling  down  on  a  sample  surface  to 
carry  out  the  study  of  thermal  properties.  For  this 
purpose  three  light  emitters  were  installed  so  that 
the  general  focal  zone  was  disposed  by  20  mm 
higher  respectively  of  the  optical  focus  of  each 
emitter.  For  the  lamp  current  I  =  300A,  the  energy 
light  flux  density  was  E  =  MO4  kW/m2.  The  im¬ 
pulses  of  CLEF,  3,  moved  to  a  sample.  These  im¬ 
pulses  form  was  rectangular.  The  shutter  blind, 
4,  regulated  the  impulse  length. 

The  dynamics  of  thermal  field’s  change  was 
defined  in  experiments.  For  this  purpose  the  time 
change  thermocouples  indications  were  recorded. 
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The  thermocouples  coordinates  were  defined  on 
X-ray  image.  The  coefficient  of  efficient  thermal 
conductivity  k(T)  was  defined  by  the  picking  out 
method  of  its  values  in  the  equation  ( 1 ). 


dT  d 
pc —  =  — 
8t  dy 


A(T) 


dT_ 

dy 


(1) 


Here  p,  c-  density  and  a  heat  capacity  of  a  mate¬ 
rial;  T-  time;  y  -  coordinate. 

The  numerical  calculations  results  using  two  in¬ 
dependent  programs  were  compared  with  the 
change  temperature  dynamic  measured  by  the 
thermocouples.  The  time  dependencies  of  both 
surface  temperature  and  sample  backside  tem¬ 
perature  were  used  as  the  boundary  conditions. 
The  sample  surface  temperature  was  measured  by 
a  photoelectric  pyrometer  or  by  the  thermocouple. 
The  latter  "instantaneously”  given  to  a  surface 
after  light  flux  was  shut  with  the  shutter  blind. 
The  sample  backside  temperature  was  measured 
during  the  experimental  time  by  thermocouple. 
The  values  of  efficient  thermal  conductivity  coef¬ 
ficient  were  obtained  on  the  installation  “Crystal- 
M”  for  the  graphite  containing  materials.  These 
values  were  coordinated  with  the  literary  data. 

The  high-energy  light  flux  density  in  the  focal 
area  of  the  optical  furnace  “Crystal-M”  allowed  us 
to  carried  out  experiments  for  obtain  of  high- 
temperature  coatings  using  the  CLEF  method. 

It  was  shown  [3,4],  the  surface  treatment  of 
high-performance  steels  by  CLEF  using  xenon 
lamps  radiation  one  can  consider  as  a  method  of 
obtaining  of  functional  gradient  materials  having  a 
higher  level  of  the  physical-chemical  properties. 
Under  conditions  of  CLEF  a  heterogeneous  gradi¬ 
ent  system  formed  on  a  surface  resulting  from  the 
processes  of  high  temperature  oxidation,  phase 
formation  and  convective  mass  transfer  of  alloy¬ 
ing  elements.  The  properties  of  layers  obtained  are 
predicted  by  both  the  choice  of  the  alloying  com¬ 
posite  components  and  of  the  treatment  regimes. 
For  example,  the  shliker  coating  using  the  com¬ 
position  powder  based  on  LaB6  with  Ni-Cr  bunch 
was  deposited  on  the  steel  3  surface  under  the  ac¬ 
tion  of  CLEF.  The  velocity  of  anodic  dissolution 
of  such  coated  samples  in  3  %  solution  NaCl  in  on 
active  area  was  decreases  a  alrriost  by  four  orders 
in  comparison  with  an  initial  surface  of  steel  due 
to  formation  of  the  before  treatment.  It  was  possi¬ 
ble  as  a  result  to  formation  of  the  LaCr03  lantha¬ 
num  chromite  in  a  scale.  The  same  effect  took 
place  for  the  material  based  on  A1203  -  SiC/Si3N4 
system  due  to  the  formation  of  mullites  of  the 
A1203  -  Si02  in  a  scale. 


The  high  cleanliness  of  the  optical  heat  proc¬ 
esses  allowed  us  to  use  the  developed  optical  fur¬ 
nace  for  development  of  protective  ceramic  coat¬ 
ings  technology  for  special  applications.  For  ob¬ 
taining  of  such  coatings  the  materials  of  sub¬ 
strate  and  coatings  should  have  particular 
properties: 

I  -  the  physicochemical  properties  of  a  sub¬ 
strate  ceramics  should  be  corresponded  with  the 
coat  material  properties; 

2  -  the  materials  of  substrate  and  coats  should 
have  the  high  heat  resistance  in  order  to  keep  the 
processing  conditions  in  a  local  focal  zone  with 
heavy  gradients  of  temperature  and  high  speeds  of 
heating. 

This  problem  was  successfully  solved  for 
Nb2C>5  and  LiNb03  protective  coatings  obtain. 
Here  by  large  size  products  were  obtained  using 
such  materials  by  scanning  a  processing  surface  in 
a  focal  zone.  Thus,  the  Nb2Os  coating  dishes  of  the 
volume  up  to  5  litres  and  some  other  products 
were  obtained.  These  products  have  been  tested  in 
industry  conditions  during  thermochemical  treat¬ 
ment  of  high  purity  niobium  compounds,  [5]. 
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SPECTRAL  (X  =  0,65  mkm)  AND  INTEGRAL  EMISSIVITY  OF  LaB6-MeB2 

BASED  CATHODE  MATERIALS 


Taran  A.A.,  Ostrovski  E.K.,  Komozynski  P.A.,  Paderno  Yu.B.(1),  Filippov  V.B.(1) 

Zhukovsky  National  Aerospace  University  “Kharkov  Avia  Institute”,  Kharkov,  Ukraine 
(1)Frantsevich  Institute  for  Problems  of  Material  Scienses  of  NASU  of  Ukraine,  Kiev,  Ukraine 


The  knowledge  of  real  (thermodynamic) 
temperature  of  cathode  elements  is  necessaiy  both 
for  determination  of  work  function  of  thermionic 
materials  and  for  evaluation  of  power,  which  is 
needed  for  heating  of  a  cathode  assemble  up  to 
working  temperatures.  It  is  impossible  without 
determination  of  spectral  ex  and  integral  eT 
emissivities  of  a  cathode  material. 

Spectral  emissivities  of  only  several  rare-earth 
borides  in  powder  form  and  their  temperature 
dependence  [1]  are  known  up  to  date.  There  is 
also  some  data  available  for  the  hot-pressed 
composites  in  LaBg  -  ZrB2  system  [2].  However, 
the  creation  of  a  data  base  on  thermal  physical 
properties  for  all  materials  used  in  emission 
electronics  is  necessary. 

The  results  of  8x  and  eT  measurements  of  zone¬ 
melting  cathode  materials  in  LaB6  -  MeB2 
systems  (Me  =  Zr,  Hf,  V)  are  presented  in  this 
work. 

The  ex  and  e,  as  a  function  of  temperature, 
annealing  time  at  different  temperatures,  and 
diboride  phase  content  have  been  studied. 


For  LaBg-  ZrB2  it  has  been  shown  that  ex 
decreases  from  0,85  to  0,68  with  the  increase  of 
temperature  and  of  ZrB2  content.  However,  for 
systems  with  HfB2  and  VB2  ex  is  practically  not 
temperature  dependent.  Time  dependencies  for 
LaB6-  ZrB2  show  that  ex  decreases  with  the 
increase  of  annealing  time,  which  may  indicate 
the  occurrence  of  surface  structure  rearrangement. 

The  eT  behavior  for  different  cathode  materials  as 
a  function  of  above  mentioned  parameters  is  also 
discussed  in  the  present  report. 
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For  new  engineering,  capable  long  to  operate  long 
in  a  near-earth  orbit,  and  also  in  conditions  of 
Mars  and  Venus  planets  it  is  necessary  to  develop 
new  generation  of  the  wear-resistant  materials 
intended  for  friction  junctions  of  space  vehicles 
and  planet  research  vehicles.  Besides  these 
materials  may  be  of  interest  for  friction  junctions 
of  vacuum  settings.  Since  the  space  vacuum,  the 
ambients  at  Mars  and  Venus  present  extreme 
conditions  and,  as  a  rule,  do  not  suppose 
application  of  liquid  lubricants  searching  of 
materials  which  may  show  a  maximum  level  of 
the  functional  properties  in  these  conditions,  is  an 
actual  problem. 

At  creation  of  the  wear-resistant  materials 
intended  for  operation  in  conditions  of  a  drying 
friction  and  vacuum,  first  of  all  it  is  necessary  to 
consider  the  factor  of  the  composition  which 
determines  dissipative  properties  of  a  material  and 
its  ability  to  self-realization  of  nonlinear 
mechanisms  of  the  adaptation,  resulting  in  curing 
structural  defects.  Accumulated  experience  on 
creation  of  powder  wear-resistant  materials 
displays,  that  such  materials  are  obtained  at 
heterogenization  their  structures  by  introduction 
of  ingredients,  having  high  characteristics  of 
hardness  and  elasticity.  In  conditions  of  friction 
such  materials  have  localization  of  a  plastic 
deformation  owing  to  what  it  is  not  observed 
avalanche  setting  as  a  result  of  accumulation  of  a 
free  energy  of  lattice  imperfections.  At  friction  of 
heterogeneous  compositions  the  stream  of  a 
mechanical  energy  is  in  part  transformed  owing  to 
elastic  interaction  in  thermal,  thus  augmenting 
kinetic  parameters  of  system.  There  is  a  strain- 
relief  crystallization,  recoveiy,  recrystallization 
and  diffusive  processes  of  mass  transfer  are 
accelerated.  In  essence  in  such  materials  there  are 
processes  of  the  nonlinear  interaction,  resulting  in 
to  selfrecovery  or  self-curing  of  system.  Para  of 
friction  is  open  dynamic  system  which  stability  is 
determined  by  set  of  the  processes  initiated  in  a 
material  by  an  external  stream  of  energy. 


the  phases  present  in  it  and  character  of  their 
interaction  with  a  matrix. 

At  study  of  link  between  setting  during  friction 
and  a  ciystalline  structure  of  metal  in  [1,  2]  it  was 
shown,  that  rubbing  pairs  of  the  metals  having 
Body-Centred  Cubic  Lattices  (BCCL)  or  Face- 
Ceentred  Cubic  Lattices  (FCCL),  intensively  wear 
out  at  setting.  The  intensity  of  a  wear  of  these 
metals  grows  at  increase  of  sliding  speed.  At  the 
same  time  rubbing  pairs  from  the  metals  having  a 
hexagonal  lattice  wear  out  at  setting  to  a  less 
degree  and  have  lower  friction  coefficient,  than 
FCCL  and  BCCL  metals.  Their  intensity  of  a  wear 
is  diminished  with  increase  of  sliding  speed.  This 
circumstance  speaks  distinction  of  opportunities 
of  origin  of  dot  imperfections  in  cubic  and 
hexagonal  crystals  [3], 

In  heterogeneous  systems  the  role  of  the  factor  of 
a  crystalline  structure  matrix  of  a  material 
uniquely  is  not  defined.  Therefore  vanadium  and 
titanium  were  selected  as  a  matrix  of 
compositions  metals  with  a  lattice  BCCL  and 
Hexagonal  Close  Packing  (HCP).  These  metals 
owing  to  the  specific  physical-mechanical  and 
functional  properties  are  of  interest  for  creation  of 
new  generation  of  functional  materials.  As 
heterogenizated  phases  the  wide  spectrum  of 
different  physico-chemical  nature  compounds 
(carbides,  borides,  silicides,  oxides, 
chalcogenides,  transition  metals,  covalent 
compounds  B4C,  SiC,  AIN,  Si3N4,  intermetal lides 
of  titanium  and  a  vanadium)  was  applied.  The 
vanadium  and  titanium  are  rather  active  metals. 
Therefore  the  factor  of  physico-chemical 
interaction  of  a  proeutectoid  constituent  with  a 
matrix,  observed  at  sintering  compositions,  also 
was  taken  into  account  at  the  analysis  of 
tribological  properties.  Thus  comparison  of 
tribological  properties  of  compositions  was 
carried  out  also  in  view  of  isomorphism  of 
proeutectoid  constituents  in  each  of  matrix. 


Kinetic  characteristics  of  this  material  are 
determined  by  a  crystalline  structure  of  the  matrix, 
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loading  2  MPa  are  shown.  As  rider  the  steel  45 
(HRC  50+52)  was  applied.  The  contents  of 
heterogen izated  phase  (cp)  was  15+  18  vol.  %. 
Thus  for  a  clear  vanadium  the  friction  coefficient 
(f)  was  equal  0,8,  a  wear  ( i )  -  0,1  g/km,  and  for 
titanium  -  f  =  0,32  and  /=  0,05  g/km. 

The  analysis  of  experimental  results  allow's  to 
conclude,  that  at  heterogenization  structures  with 
hard  compound  intensity  of  a  wear  as  vanadium  - 
the  representative  of  metals  with  BCCL  lattice, 
and  titanium  -  with  HCP  lattice  efficiently 
decrease.  Compositions  on  a  base  of  titanium  have 
a  smaller  friction  coefficient,  than  on  a  base  of 
vanadium.  It  allows  to  conclude,  that  antifriction, 
connected  with  crystalline  structure  of  a  matrix, 
also  is  saved.  Hard  compounds  with  a  high 
coefficient  of  elasticity  essentially  reduce  rate  of  a 
wear.  At  the  same  time  solid  lubricants  in  the 
greater  degree  reduce  only  a  friction  coefficient. 
In  cases  when  in  a  composition  there  is  no 
hardening  phase,  their  influence  on  intensity  of  a 
wear  is  developed  only  at  small  sliding  speeds  and 
loadings.  Character  of  friction  and  a  wear  sharply 
varies,  if  in  compositions  there  are  both  solid 


phases-reinforcers,  and  solid  lubricants.  Their 
share  influence  is  most  expressed,  if  during 
friction  the  chemical  processes,  resulting  in 
formation  of  secondary  structures  with  dynamic 
character  of  stability,  are  excited.  It  is  peculiar  to 
the  systems  containing  chalcogenide  components. 
The  intensity  of  a  wear  is  diminished  in  5  -  10 
times  at  rather  small  densities  of  chalcogenide 
component  (up  to  —1,5  %).  Such  compositions 
have  all  necessary  elements  of  processes  of  self¬ 
organizing  and  undoubtedly  become  defining  for 
new  generation  of  materials  of  space  assignment. 
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Table 

Tribilogical  characteristics  of  compositions  on  a  base  of  vanadium  and  titanium 


<p 

TiB2 

SiC 

B4C  TiC  MoS2 

Zr02 

VC  MoSe 

Compositions  on  a  base  of  vanadium 

f 

0,25 

0,54 

0,55 

0,22 

/>  t/km 

0,0078 

0,0021 

0,0126 

0,0093 

0,0107 

0,0163 

Compositions  on  a  base  of  titanium 

/ 

0,32 

0,44 

0,31 

0,32 

0,34 

0,33 

0,30 

0,20 

/,  t/km 

0,0003 

0,00027 

0,00015 

0,0008 

0,0014 

0,0001 

0,0004 

0,0011 
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The  traditional  structure  of  fuel  balance  of  the 
metallurgical  works  with  use  of  natural  gas  as  a 
substitute  of  coke  in  the  usual  conditions  of 
Ukraine  is  inefficient  because  of  high  cost  of 
natural  gas,  which  has  come  nearer,  and  in  a 
number  of  cases  has  exceeded  cost  of  quantity, 
replaced  with  it  of  coke.  The  task  of 
rationalization  of  structure  of  fuel  balance  by 
shrinking  the  consumption  of  natural  gas  can  be 
decided  by  replacement  it  by  coke  gas  on  the 
technology,  earlier  developed  by  Iron  and  Steel 
Institute  [1,2]. 

The  energy  requirements  of  other  metallurgycal 
manufactures,  first  of  all  coke  ovens,  instead  of 
used  in  Blast  Furnaces  coke  gas,  the  products  of 
not  coking  coals  gasification  are  offered.  As  units 
for  coal  gasification  Blast  Furnaces  removed  from 
operation  on  balance  of  metal  can  be  used  [3-5]. 

The  known  gas  producers  with  the  compact  lay 
working  in  a  mode  of  a  slag  drip  at  raised 
pressure,  structurally  come  nearer  to  the  Blast 
Furnace,  but  it  is  less  on  volume  [6].  In  usual  on 
balance  of  metal  conditions  are  liberated  Blast 
Furnaces,  suitable  for  performance  of  function  of 
coal  gasification.  The  received  reducing  gas  can 
be  used  as  for  injecting  in  others  Blast  Furnaces 
for  replacement  of  natural  gas  and  coke  [5,7],  and 
for  use  in  other  technological  and  power  units  as  a 
high-heating  fuel. 

The  main  feature  of  use  of  the  Blast  Furnace  as  a 
gas  producer  is  that  temperature  of  gases, 
departing  from  a  stock  column,  should  exceed  a 
level,  at  which  there  is  an  intensive  stressing  of 
pitches  adversely  influencing  a  condition  of  gas 
pipelines  and  complicating  technology.  Most 
intensively  pitches  are  allocated  in  an  interval  300 
-  500  °C,  and  at  temperatures  is  higher  840°C 
there  is  their  breaking-up.  As  the  maintenance  of 
temperature  of  a  top  gas  at  a  level,  demanded  on 
the  specified  conditions,  (>  500°C)  is  inadmissible 
on  conditions  of  a  service  of  the  equipment  of 
charging,  it  is  necessary  to  apply  untraditional 
reception  -  sharp  refrigeration  of  gas  at  a  run-out 
from  a  melting  stock  column. 

Essence  of  reception  that  above  a  stock  level  of 
materials,  which  have  at  the  bottom  edge  of  a 


shaft  top,  on  a  circle  establish  tuyeres  for  injecting 
cooled  top  gas  (50-80°C),  that  allows  after  melting 
it  with  mine  gas  to  receive  temperature  of  a  300- 
500°C  top  gas,  departing  from  the  furnace.  The 
heat-eliminating  gas  recirculate  in  the  system. 
Off-site  gas  can  be  added  to  it.  The  quantity  of 
recirculating  gas  can  be  determined  from  simple 
balance  ratio  of  gas  components.  At  a  choice  coals 
it  is  necessary  to  prefer  hard  (non-bitumnious) 
coals,  which  allocate  at  heating  insignificant 
quantity  of  pitches  and  are  accessible  enough. 

The  scheme  of  technology  includes  (Fig.  1): 

•  Charging  with  coal  in  the  Blast  Furnace  of 
"coolants",  which  quantity  and  calorific  capacity 
provide  a  decrease  of  temperature  of  gases, 
departing  from  stack,  up  to  840-1000°C,  and  the 
makeup  does  not  include  easy  reducible  oxides, 
forming  in  stack  C02  and  H20; 

•  Injecting  above  the  charge  surface,  which 
have  at  the  bottom  edge  of  the  furnace  throat, 
cooled  gases  ensuring  after  mixing  with  mine  gas 
the  preset  value  of  top  gas  temperature,  allowed 
on  service  condition  of  the  equipment; 

•  Refrigeration  of  a  part  of  a  top  gas  up  to 
minimal  -  possible  temperature,  it  compression 
and  injection  through  tuyeres,  located  above  the 
charge  surface  of  materials  (recycling); 

•  Selection  of  "coolants"  with  the  maximum 
-  possible  contents  of  useful  components  (iron, 
manganese  etc.),  that  raises  the  energy-economic 
efficiency  of  technology  and  makes  it  multi¬ 
purpose. 

At  use  the  Blast  Furnace  as  a  producer  furnace 
there  is  an  opportunity  of  use  in  quality  of 
"coolants"  of  gas  not  only  moisture  and  gases,  but 
also  solid  lump  materials  charged  with  coal.  These 
materials  contain  fluxing  additives  and  other 
useful  components  extracted  in  melts  (pig-iron 
and  slag)  as  passing  products  of  a  coal 
gasification. 

Expediently  for  these  purposes  to  use 
metallurgical  slags  -  vessel,  welding, 
ferromanganese,  silicomanganese  with  extraction 
of  useful  components  in  a  melt.  In  such  a  way, 
alongside  with  power,  the  economic  and 
ecological  problems  of  the  operation  and  branch 
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are  solved.  Use  of  metallurgical  slag  in  quality  of 
"coolants"  of  gas  solved  the  important 
technological  task:  As  they  do  not  contain  easy 
reducible  oxides,  giving  back  oxygen  in  stack  by  a 
"indirect"  way,  the  waste  gas  does  not  replenish 
gaseous  with  products  of  reduction  (C02  and 
H20),  which  decrease  its  caloricity,  and  the  heat 
pickup  at  direct  reduction  of  oxides  increases  the 
"coolant"  properties  of  the  slag  additives. 


F1G.1.  SCHEME  OF  COAL  GASIFICATION 
AND  WASTES  UTILIZATION  IN  THE 
BLAST  FURNACE 

For  an  estimation  of  opportunities  of  offered 
technology  have  executed  account  of  expected 
smelting  characteristics.  As  fuel  have  accepted  a 
hard  (non-bitomnious)  coal,  that  give  minimum 
pitches  in  the  Blast  Furnace  and  complications, 
connected  to  it  of  technology,  and  as  "coolants"  - 
a  self-fluxing  mix  of  a  silicon-manganese  slag 
(SMS)  and  vessel  slag  (VS).  In  account  for  1  kg 
of  coal  is  spent:  0,1  kgs  SMS  and  1,34  kgs  VS;  is 


generated  3,33  m3  of  gas  (5680  kj/M3);  0,38  kgs  of 
metal  with  the  contents  of  manganese  15,7  %; 
1,25  kgs  of  slag.  At  existing  in  Ukraine  and 
Europe  the  prices  of  an  expense  for  ingoing 
materials  there  is  less  cost  of  the  made  metal, 
therefore  cost  of  gas  is  close  to  zero,  and  the 
fabricated  metal  with  the  contents  15,7  %  of 
manganese  can  mix  to  non-manganese  metal 
others  Blast  Furnaces  for  a  conclusion  from  their 
burden  the  manganese  additives,  that  will  raise 
efficiency  of  the  blast-furnace  smelting. 

While  run  on  the  specified  technology  a  Blast 
Furnace  of  volume  2000  m3  the  quantity  of 
gasification  coal  will  make  at  least  1500  t/day, 
manufacture  of  gas  3,33x1000x1500/24  =  208000 
M3/h.  and  metal  0,38x1500  =  570  t  /day.  At  the 
expense  of  the  made  gas  can  be  released  33000 
M3/h  of  natural  gas,  that  will  match  to  annual 
economic  benefit  23  million  Dollars  USA  at 
capital  expenses,  commensurable  with  expenses 
on  dismantling  of  the  Blast  Furnace. 
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ALLOYS 
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Composition  and  technology  of  a  new  generation 
of  bio-inert  and  highly  refined  alloys  on  a  Co  -  Cr- 
Mo-  Ni  basis  with  an  enhanced  corrosion 
ressistance  and  exploitation  characteristics,  which 
are  complied  with  the  ISO-standards  for  the 
medicine-  aimed  alloys  were  developed  in  the 
Physico-Technological  Institute  of  Metals  and 
Alloys,  NASU.  These  alloys  are  used  for  a 
generally  applied  medical  products  manufacturing, 
i.e.  artificial  limbs,  jaw-  face  surgery  and 
orthopedics  materials,  surgery  string,  etc. 

However,  during  cast  items  manufacturing  from 
alloys,  there  are  more  than  50  %  scrap  from  full 
item  weight  and  its  reuse  are  not  desirable  because 
of  increased  content  of  gases  and  presence  of 
unmetal  inclusions. 

The  experiment  was  aimed  at  the  development  of  a 
new  technologycal  processes  of  the  medical  alloys 
Co  -  Cr-  Mo  h  Ni  -  Cr-  Mo  based  wastes  extra 
refining  with  the  consequent  obtaining  of  the 
complete  cycle  of  medical  wastes  recovery  and 
getting  the  billets,  that  are  complied  with  the  ISO- 
standards  for  the  medicine-  aimed  alloys. 

Solution  of  the  aforesaid  problem  is  described  in 
the  paper.  It  includes  implementation  of  the 
ecological  friendly  technological  scheme  with  a 
double-  stage  vacuum-induction  (VIM)  and 
electron-beam  skull  melting  with  electromagnetic 
stirring  of  melt  (EBM)  during  the  alloys  waste 
melting.  Due  to  this  highly  refined  from  the 
detrimental  impurities  (  S,  Zn,  Pb,  As,  Bi  etc.), 
unmetallic  inclusions  and  gases  (  O2,  H2,  N2  ), 
alloy  can  be  obtained.  Thus  it  will  have  an 
advanced  corrosion  resistance  inside  biological 
body  i.e.  their  bio  compatibility,  and  as  a 
consequence  -  assurance  in  a  reduced  negative 
organism's  response  for  the  implantation. 

Technical  process  and  methodology: 

DOUBLE-STAGE  melting  process: 

1.  Double  Vacuum-induction  melting-  VIM+ 
VIM; 


2.  Vacuum-induction  melting  +  Electronic-beam 
melting  VIM+  EBM 

Development  of  the  medical  wastes  technologycal 
process  forsaw  an  investigation  of  the  influence  of 
the  technological  parameters,  e.g.  the  charge 
introduction,  its  mass  and  content,  the  pressure  of 
residual  gases,  the  regimes  of  the  EB  heating 
power  regulation,  the  time  and  direction  of  the 
electro-magnetic  stirring,  the  consumption  and 
temperature  of  the  cooling  water,  etc.,  on  the  alloys 
properties,  as  well  as  on  the  duration  of  the 
melting,  electric  energy  consumption,  and  metal 
losses  due  to  evaporation.  With  the  use  of 
expendable  thermocouples  the  integral  temperature 
of  melts  in  crucibles  and  its  distribution  within  the 
depth  of  the  bath  was  measured. 

The  following  research  techniques  is  used  in  the 
paper: 

-  theoretical  analysis  of  the  local  melt  heating  with 
the  scanning  electron  beam  and  its  refining  from 
admixtures,  non-metal  inclusions  (  oxides,  nitrides, 
carbides  )and  gases  (O2,  N2  ,H2  ) 

-  modeling  of  heating  processes  and  melt  stirring  in 
the  crucible,  melt  refining,  ingots  olidifying; 

-  full-scale  experiments. 

The  investigation  of  properties  of  casting  materials 
was  conducted  by  methods  of  optical  and  electron- 
microscope  metallography,  chemical,  phase, 
roentgenographic  and  microroentgenospectral 
metallographic  analyses,  as  well  as  high 
temperature  differential  thermal  analysis.  Physical 
and  mechanical  properties  were  studied  by 
standard  techniques  in  compliance  with  the 
standards  adopted  in  Ukraine.  Casting  properties  of 
the  alloys  were  also  studied  by  method  developed 
in  the  same  institute  with  the  use  of  a  special 
sampler  that  takes. 

CONCLUSION 

1.  Optymal  technological  schemes  and  routines  of 
complete  recovery  cycle  for  multycomponent 
biologically  inert  alloys  Co  -  Cr  &  Ni  -  Cr  based 
are  established: 
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-double-stage  melting  VIM+  VIM  at  a  mass  ratio 
of  1 :  l  of  clean  charge  materials  and  casting  wastes, 
-double-stage  melting  VIM+  EBM  at  a  ratio  of 
1 00  %  of  nonconditioned  casting  wastes; 
both  cycles  require  first  refining  stage  i.e.  VIM  to 
be  conducted  at  a  high  temperature  of  melt 
overheating,  chamber  pressure  decrease  from  6.  7 
*10  ''  Pa  to  6,  7  *  10  '3Pa  and  minimal  time  of  melt 
exposure  to  the  ceramic  crucible.  Overheating  at 
323-373  K  above  the  liquid’s  temperature  is 
sufficient  for  decontamination. 

-  Pouring  of  metal  in  steel  or  chill  mould, 
crystallization  on  air. 

2.After  the  complete  recycling  cycle  on  the 
recommended  routines,  utilizing  50...  100  %  by 
weight  of  casting  wastes,  certified  billet  for  all 
alloys  types  gains  the  following  features  : 

-  minimum  melting  loss,  alloys  chemical 
composition  is  preserved  within  the  standards  for 
each  metal  quality; 

-essential  alloys  refining:  amount  of  gases  is  5-7 
times  lower,  maintenance  of  oxygen,  hydrogen  and 
nitrogen  in  sum  does  not  exceed  10-15  ppm; 
-non-metallic  inclusions  (nitride,  oxides, 
oxynitride)  are  dispersing  (grind  down),  amount  of 
coarse-grained  globular  oxides  and  oxynitride  is  2- 
4  times  lower; 

-dense  cast  billet  macrostructure  with  minimal  pipe 
and  least  quantity  of  casting  pores,  high  castability 
that  enables  casting  of  thin  walls  wares; 
-homogeneous  microstructure  with  grinded  grain 
and  lowered  amount  of  massive  carbide  emissions 
and  eutectics. 


-decreasing  of  segregation  coefficient  of  alloys 
elements  due  to  intensive  melt  stirring  during  VIM 
(calculated  on  results  of  researches  on  MRSA  “ 
COMECA  MS  46"); 

-complex  of  physics-mechanical  characteristics, 
required  by  standard  ISO  5832  (hardness,  HB, 
yield  point  (YP),  ultimate  tensile  strength  (UTS), 
5,%„  (p,%) 

-  within  the  certificates  for  each  metal  quality ); 
-corrosion  resistance  in  10%  solution  of  NaCI  at  T 
=  50  °C,  for  100  a  hours  exceeds  analogues. 

-a  toxicological  alloys  analysis  after  complete 
recycling  cycle  has  not  revealed  any  harmful 
admixtures. 

3. As  a  refining  degree  criterion  R  =  (Rgas+  R 
inclusion),  %  conditionally  choosen  complex 
index,  which  depends  on  lowering  level  of 
contamination  by  gases  and  non-metallic 
inclusions  after  each  consequent  melting  stage. 
Calculations  revealed,  that  each  VIM  melting 
stage  diminishes  R  value  by  15.. .20  %  on  everage, 
and  by  25...  30  %  after  EBM  stage. 

4.  It’s  necessary  to  note  that  increase  of 
temperature  and  melt  overheating  period  duration 
with  the  purpose  of  admixtures  evaporation  and 
dissociation  processes  intensification,  lead  to  the 
destruction  of  ceramic  crucible  fettling  on  VIM 
stage  and  multiplies  losses  of  doping  materials  on 
both  stages. 
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The  action  of  powerful  energy  flux  upon 
condensed  matter  is  a  suitable  method  for  the 
study  of  thermal  characteristics  in  the  broad  area 
of  phase  diagram.  The  interest  in  porous  matter  is 
stimulated  by  their  use  as  protection  material  for 
bodies,  irradiated  by  different  energy  fluxes.  At 
present  one  of  the  most  perspective  mean  of 
protection  is  using  on  surface  of  irradiated  body  a 
bumper  shields  of  heterogeneous  material  with 
tungsten  covered  hollow  glass  microballoons 
(GMB)  as  a  filler  and  rubber  as  a  binder  (fig.  1). 


Fig.l.  tungsten  covered  hollow  GMB. 


The  aim  of  the  paper  is  the  investigation  of  pulse 
electron  and  X-ray  beam  action  upon  the 
perspective  design  materials.  For  the  task  solution 
it  is  necessary  to  build  on  the  base  of  experimental 
data  the  mathematical  model  of  high  porous 
insulator  material,  irradiated  by  powerful  energy 
flux,  as  well  as  numerous  and  experimental 
determination  of  thermal  properties  of  this 
material. 

The  behavior  of  investigated  GMB-rubber 
material  in  shock  waves  generated  by  powerful 
pulse  is  assumed  to  be  complex  [1].  Effects  that 
need  to  be  considered  include  energy  deposition, 
heat  transfer,  porosity  influence,  features  of 
fabrication,  GMB  crushing  and  size  distribution 

[2].  There  are  the  following  phenomena,  which 
are  of  primary  interest: 

-  initial  pressure  generation  in  the  GMB  filled 
material; 

-  pressure  evolution  and  shock  wave  motion  in 
the  material. 


The  pulse  action  of  powerful  electron  beam  or  X- 
ray  beam  on  sandwich  structure  with  bumper 
shield  is  considered.  Initial  pressure  generation  is 
defined  by  Gruneisen’s  factor  of  material,  which 
depends  on  material  structure.  It  is  presumed  that 
all  microballoons  has  uniform  density.  The  glass 
and  the  tungsten  are  considered  as  porous  matter 

[3]- 

Crushed  microballoons  (see  fig.l)  may  appear  at 
material  fabrication.  Effective  characteristics  (the 
density,  bulk  modulus  and  Gruneisen’s  factor)  for 
the  microballoon’s  crack,  as  well  as  for  the  crack- 
rubber  mix,  are  calculated  using  mass  part  and 
volume  part  of  tungsten  and  glass  in  the  filling 
and  the  part  of  crushed  GMB. 

The  metal  covered  GMB  was  considered  as  two- 
layer  sphere.  The  effective  Gruneisen’s  factor  for 
metal  covered  GMB  was  determined  by  using  of 
percolation  model  [4] 


Fig.2.  The  comparison  with  experimental  data. 

Calculated  dependences  of  the  effective 
Gruneisen’s  factor  as  function  of  filling  volume 
part  for  electron  and  X-ray  pulse  action  are  shown 
on  fig.2  and  compared  with  experimental  data, 
obtained  by  measuring  the  particle  velocity  in  the 
material  with  laser  interferometer  system. 
Investigated  samples  in  these  experiments  are 
loaded  by  electron  beam  of  290  keV  with  pulse 
duration  100  ps.  Calculated  values  are  in  good 
agreement  with  experimental  one. 

It  was  interest  to  exam  the  influence  of  GMB 
characteristics  on  effective  Gruneisen’s  factor  of 
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the  material.  The  GMB  diameter,  one’s  wall 
thickness,  tungsten  mass  part  and  GMB  crushed 
percent  are  varied.  In  all  cases  Gruneisen’s  factor 
decrease  with  filling  volume  part  increasing.  Also 
Gruneisen’s  factor  decrease  with  GMB  diameter 
increasing,  as  well  as  wall  thickness,  covering 
mass  part  and  crack  percent  decreasing  (fig.  3). 
The  differences  in  the  GMB  characteristics  lead  to 
differences  in  initial  pressure  generation  in  the 
GMB  filled  material  (fig.  4)  [2], 


Fig.3.  The  Grunaisen’s  factor  vs  structure  of 
material. 


Fig.4.  The  initial  pressure  field  vs  structure  of 
material. 

The  area  of  initial  pressure  is  a  reason  of  shock 
wave.  For  the  simulation  of  wave  propagation  the 
one-dementional  Lagrangian  code  was  used. 
GMB-rubber  heterogeneous  material  was  treated 
as  homogeneous  porous  elastic-plastic  solid.  The 
differential  equation  of  state  is  used  [4], 

Two-layer  sandwich  structure  (GMB-rubber 
bumper  shield  with  organoplastik)  was  examined. 


Shock  wave  forming  and  moving  are  numerically 
studied.  Tungsten  mass  part  was  varied. 
Microstructura!  analysis  of  the  composite  material 
after  the  pulse  action  was  made.  Areas  of  filler 
spall  and  the  flux  energy  density  leading  to  the 
GMB-rubber  material  spall  was  determined. 
Results  of  numerically  study  for  various  types  of 
protection  materials  are  shown  in  figure  5  (solid 
lines  corresponds  to  3.3  ps  after  irradiation, 
dashed  -  5.3  ps;  rhombus  -  21.5%  of  tungsten, 
circles  -  8.8%  of  tungsten).  After  passing  the 
shock  wave  through  the  contact  border  of 
materials  amplitudes  of  its  positive  and  negative 
parts  are  increased. 


P,  GPa 


0.0  0.4  0.8  1.2  1.6 

Fig.5.  Shock  waves  transition. 


In  conclusion,  presented  model  allows  to  describe 
interaction  of  powerful  pulse  beams  with 
heterogeneous  insulator  material  and  can  be  use 
for  optimisation  of  protection  properties  of 
composite  material. 
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HEAT  INSULATING  AND  ADSORBING  MATERIALS  BASED  ON 
PRODUCTS  OF  WASTES  VAPOR  THERMOLYSIS 
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Traditional  thermal  technologies  of  processing 
industrial  wastes  (pyrolysis,  gasification  burning) 
have  reached  at  present  a  high  level  of 
development.  Efficient  technological  schemes 
have  been  developed,  modem  equipment  is 
manufactured  and  used. 

At  the  same  time  harsher  requirements  to 
technologies  of  wastes  recycling  requires  the  need 
for  creating  basically  new  methods  and 
equipment. 

One  of  promising  trends  of  creating  ecologically 
and  energetically  efficient  technologies  is  steam 
thermolysis,  i.e.  thermal  destruction  of  organic 
wastes  in  a  media  of  overheated  water  steam. 

The  studies  conducted  in  this  work  show  that 
qualitative  materials  for  heat  insulation, 
adsorbents  for  purifying  gaseous  and  liquid 
emissions  can  be  obtained  by  steam  treatment  of 
plant  biomass  wastes  (wood,  lignin). 

Materials  for  filler  structures  produced  from  wood 
wastes  according  to  this  technology  meet  all 
quality  criteria,  (positive  decision  on  invention 
application  N200 13765/1 2  June  5,  2001,  the 
Russian  Federation). 

Following  are  average  indexes  of  such  materials: 
density  630  -1190  kg/cu.m,  thermal  conductivity 
in  dry  condition  at  25+l°C  and  density  of  830 
kg/cu.m  is  0.12  -.0.18  Wt/mK,  compressive  stress 
limit  equals  233  kg/cu.cm,  sorptive  humidification 
for  72  hours  at  relative  humidity  of  98%  is  within 
0.5 -4.0%. 

Experimental  studies  showed  that  up  to  0.3  kg  of 
activated  carbon  can  be  obtained  from  1  kg  of 
absolutely  dry  wood  wastes  by  steam  thermolysis 
with  a  considerable  reduction  (compared  with  a 
traditional  technology  )  of  environmental 
pollution. 

One  stage  of  obtaining  active  carbon  (one 
technological  processes  includes  stages  of 
carbonization  and  activation)  results  not  only  in 


reduction  of  waste  releases  but  in  saving  energy 
resources. 

The  present  work  puts  forward  a  new  scheme  of 
obtaining  active  carbon  from  rubber  wastes 
(positive  decision  on  invention  application  N 
200127875/12  of  Nov.  9.  2000  and  N 

2000127874/06/06  of  09.  2000,  Russian 

Federation). 

By  this  scheme  the  process  of  rubber  wastes 
recycling  results  in  an  ecological  effect  due  to 
wastes  processing,  in  an  economical  effect  due  to 
obtaining  valuable  technical  materials. 

Experimental  works  on  obtaining  adsorbents  from 
rubber  wastes  by  the  above  mentioned  scheme 
proved  that  recycling  1  ton  of  wastes  can  result  in 
obtaining  400  kg  of  liquid  fuel  (mazut  40),  450  kg 
of  activated  carbon  and  up  to  1 .4  Gigo-calorie  of 
thermal  energy.  The  process  is  completely  self- 
sufficient. 

Analysis  of  the  activated  carbon  samples  obtained 
from  worn  out  tires  showed  that  a  specific 
adsorptive  surface  is  at  least  120  sq.m/g,  Iodine 
number  isl  28  g/kg,  dibutylphtalate  is  at  least  100 
cu.cm/g,  ash  content  is  up  to  12%,  mass  Sulfur 
content  is  about  1.2%,  Carbon  content  is  87-90%. 

Direct  wastes  burning  results  in  release  to  the 
atmosphere  of  considerable  quantity  of  toxic 
compounds:  flu  ash,  heavy  metals  compounds, 
oxides  of  Sulfur  and  Nitrogen,  Chlorine 
compounds  as  well  as  super-toxic  substances 
(dioxines,  poli-aromatic  Carbons) 

Typical  for  the  technology  of  burning,  gasification 
and  pirolysis  is  osmophoric  pollution  of  the 
atmosphere.  These  technologies  produce  odorants 
-  odorifrous  substances  which  might  not  have 
resorptive  influence  on  a  human  being  but  cause 
reflective  reaction  of  the  organism.  The  organism 
reacts  to  osmophoric  pollution  by  feeling  smell, 
changing  the  brain  bio-electric  activity,  light 
sensitivity  etc. 


595 


SECTION  F. 

POTENTIAL  AND  CONTEMPORARY  TECHNOLOGIES  FOR  RECYCLING  INDUSTRIAL  WASTE  AIMED  TO 
PRODUCTION  STRUCTURAL.  HEAT-INSULATIVE,  FACING  AND  OTHER  MATERIALS 


In  order  to  prevent  odorants  exhaust,  their 
concentration  should  be  reduced  considerably 
lower  than  maximum  permissible  concentration, 
which  is  quite  a  complicated  problem. 

During  steam  thermolysis  of  organic  wastes, 
formation  of  odorants  and  high-toxic  compounds 
is  suppressed  or  stops  completely. 

This  is  explained  by  the  following  factors: 

♦  thermolysis  of  chlorine-organic  compounds  in 
steam  medium  with  no  oxygen  and  with 
reducing  atmosphere  leads  to 
dehydrochlorination  with  formation  of  CHI 
i.e.  formation  of  molecular  chlorine  required 
for  production  of  dioxines  is  excluded; 

♦  water  vapor  in  a  gas-vapor  mixture  reduces 
partial  pressure  of  gaseous  decomposition 
products  which  hampers  secondary  reactions 
and  formation  of  high-toxic  compounds; 

♦  condensation  of  water  vapor  results  in 
concentration  of  thermolysis  products  and 
their  purification  from  soot  particles. 

Concentration  of  thermolysis  products  leads  to 
higher  specific  combustion  heat,  creates 
conditions  for  direct  (without  additional  fuel) 
combustion  of  theses  products  with  a  considerably 
lower  environmental  pollution  compared  with 
direct  wastes  burning. 


Vapor  thermolysis  of  plant  biomass  results  in 
formation  of  gaseous,  liquid,  and  solid  products. 
Gaseous  products  include  organic  acids  (formic, 
acetic,  propionic),  furfural,  carbon  oxide  and 
dioxide  as  well  as  water  vapor. 

Liquid  products  of  biomass  vapor  thermolysis 
contain  mainly  water  and  organic  acids  solved  in 
it,  as  well  as  tars.  Solid  products  composition  of 
biomass  thermolysis  at  200°C  slightly  differs  from 
initial  composition  of  wood  biomass,  and  at 
higher  temperatures  solid  products  are  oxygen- 
enriched.  According  to  known  hygienic  quality 
criteria,  solid  products  of  wood  biomass  low- 
temperature  thermolysis  meet  the  requirement  for 
construction  materials,  and  products  of  high- 
temperature  thermolysis  can  be  used  as  adsorbents 
to  purify  liquid  and  gaseous  wastes. 

During  vapor-thermal  impact  on  rubber  wastes, 
organic  compounds  are  destroyed  and  solid, 
liquid,  gaseous  products  are  formed.  Their 
quantitative  yield  and  qualitative  composition  are 
determined  by  composition  of  the  products  and 
operating  conditions  of  vapor  treatment 
(temperature,  heating  speed,  means  of  heat 
application,  speed  of  decomposition  products 
evacuation  from  thermolysis  zone).  Analysis  of 
rubber  wastes  thermolysis  of  gaseous  products 
showed  that  they  don’t  contain  high-toxic 
compounds  (dioxines,  benzopyrens, 

plolychlorided  biphenyls  etc). 
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INVESTIGATION  FOR  REMAKING  OF  PRIMARY  SOLID  ALLOY 
AND  TUNGSTEN  WIRE  WASTES  IN  SOLAR  FURNACE 


Pasichny  V.V.,  Uvarova  I.V.,  Babutina  T.E. 

Institute  for  Problems  of  Materials  Science  NAS  of  Ukraine,  Kyiv,  Ukraine 


Tungsten  is  one  of  the  most  precious  materials  for 
modem  technique.  It  is  known  as  a  main 
component  of  heat-resistant  and  refractory  alloys. 
There  are  no  tungsten  sources  of  raw  materials  in 
Ukraine.  That  is  why  the  conservation  and  repeated 
use  of  tungsten  holding  industrial  wastes  are  very 
signify.  The  oxidation  and  following  reduction  and 
carbidization  are  the  well-known  process  for 
tungsten  solid  alloy  wastes  remaking.  This  process 
is  carried  out  in  common  electric  furnaces.  After 
primary  oxidation  the  wastes  are  converted  often 
by  chemical  methods.  All  of  these  methods 
demand  considerable  energy  expenditure.  One  of 
the  ways  for  energy  economy  is  the  using  of 
renewable  energy  sources  in  particular  solar 
energy.  As  it  is  evidence  of  wide  experience  of 
material  investigations  in  IPM  NAS  of  Ukraine  the 
using  of  solar  furnaces  is  more  convenient  for 
oxidation  of  metals  since  in  this  case  it  can  be 
possible  to  achieve  the  temperature  near  3500  in 
air  medium  directly.  Some  limitations  for  solar 
furnaces  using  are  the  one-sided  heat  supply, 
irregular  distribution  of  energy  density, 
dependence  on  season,  daily  time  and  weather. 

The  aim  of  this  work  was  to  carry  out  the 
investigation  of  mechanism  and  kinetic  for 
oxidation  of  tungsten  hard  alloys  and  tungsten  wire 
wastes  and  establish  the  optimal  heat  treatment 
regimes  at  radiation  heating,  which  imitates 
concentrated  solar  radiation. 


influence  of  sample  porosity  weight  and 
temperature  on  the  oxidation  kinetics  was  studied. 
The  dependences  of  oxidation  degree  against  time 
are  shown  in  Figure. 


—♦—750  oC 
—■—870  oC 
-A- 920  oC 
— X — 1000  oC 
—*—1100  oC 
-•-1150  oC 
-4—1200  oC 


Figure  Dependences  of  oxidation  degree  against 
time  at  different  temperatures  and  the  same 
porosity  at «  70  %. 

As  can  be  seen  from  this  data  the  tungsten 
oxidation  passes  on  linear  low  from  the  beginning. 
The  process  is  described  by  following  kinetic 
linear  equation 

W=kc 

k-  coefficient  of  reaction  rate  of  simple  equation: 
k=(l/t)ln(c°/c) 


Taking  into  consideration  the  specific  character  of 
solar  furnaces  and  necessary  to  work  off  the 
research  principles  the  experiments  were  carried 
out  at  heat  treatment  in  optical  furnace  with  a 
xenon  lamp  in  3  kW  [1].  This  equipment  permits  to 
carry  out  dosated  heating  of  individual  small 
samples  on  fixed  horizontal  surface  and  determines 
the  weight  and  structural  phase  transformation  in 
materials.  Moreover  it  is  a  possibility  for  complete 
transformation  from  compact  sample  to  oxide 
powder  or  powder  mixture  of  different  oxides  by 
hand  manipulation.  Defocussing  of  samples 
fulfilled  regulation  of  heat  parameters. 
Temperature  was  measured  by  thermocouple. 

The  researches  were  carried  out  on  the  tungsten 
fiber  samples,  pressed  to  definite  porosity.  The 


c°  and  c  -  the  initial  and  current  concentration, 
correspondingly. 

All  of  the  samples  were  heated  on  the  stainless 
steel  backing  of  2-mm.  thicknesses.  At  energy 
density  of  12  KW/cm2  on  the  backing  level  and  1 8- 
20  KW/cm2  on  the  sample  surface  the  noticeable 
process  of  wire  oxidation  started.  Weak  gassing 
due  to  oxide  sublimation,  quick  oxidation  of 
separate  fibers,  which  was  situate  nearer  to  focus, 
the  appearance  of  separate  micromelting  places  in 
hottest  zones,  change  of  the  sample  color  into 
light-yellow  one  in  zones,  closing  to  hottest  one 
were  observed.  Immovable  position  of  oxidizing 
samples  resulted  in  gradual  delay  of  oxidation  for 


597 


SECTION  F. 

POTENTIAL  AND  CONTEMPORARY  TECHNOLOGIES  FOR  RECYCLING  INDUSTRIAL  WASTE  AIMED  TO 
PRODUCTION  STRUCTURAL,  HEAT-INSULATIVE,  FACING  AND  OTHER  MATERIALS 


lower  layers  due  to  screening  by  the  upper  oxide 
layers  forming  on  the  surface. 

As  a  result  approximately  one  quarter  of  sample 
volume  became  non-oxidized  after  25-30  min.  of 
being  heated.  Taking  into  account  inefficiency  of 
such  immovable  position  of  oxidizing  samples  the 
following  experiments  were  accompanied  by 
mechanical  turning  over  of  oxidizing  sample 
promoting  its  destruction  to  parts,  drusen  and  at 
least  the  oxide  powders.  The  powder  obtained  in 
such  a  way  was  the  uniform  light  yellow  color 
being  peculiar  to  W03.  Since  completeness  of  such 
conversion  was  established  by  sight  the  duration  of 
the  oxidation  was  rather  subjective  kind.  But  the 
obtained  experimental  dependence  of  heating 
duration  against  sample  weight  was  straight  line. 

The  dependence  of  the  weight  increase  against 
heating  duration  at  oxidation  of  tungsten  wire 
deviated  slightly  from  a  straight  line  owing  to 
increase  of  quantity  of  flying  sublimate.  Gassing 
was  observed  during  the  whole  heating  time  for  all 
the  samples  at  chosen  conditions.  Since  the  oxide 
looses  was  desired  the  method  for  the 
determination  of  their  amount  was  developed:  they 
were  equal  to  3,0±0,4  %  under  chosen  condition. 

The  samples  of  the  hard  alloys  (WC-6C0,  WC- 
8C0,  WC-15Co,  WC-20  Co)  were  chosen  for  the 
investigation  of  the  oxidation.  The  samples  of 
necessary  length  (about  10  mm)  were  made  of 
cutting  prism  of  the  sectional  view  5x5.  Thermal 
cutting  on  the  laser  module  KTM-1  created  in  the 
IPMS  on  the  bases  of  installation  KVANT-12  was 
performed.  The  optimal  conditions  of  heating  for 
equal  oxidation  of  all  the  sample  sides  without 
bum-off  were  found.  Such  heating  level  was 
obtained  by  the  irradiancy  of  18  W/cm2  on  the 
sample  surface. 

The  linear  low  of  tungsten  hard  alloys  oxidation 
was  characterized  by  parallel  growth  of  all  the 
sample  sides  in  the  directions  of  its  axis  of 
symmetry.  As  a  result  the  total  sample  volume 
became  in  two-three  times  larger  than  the  initial 
one.  It  cased  the  approach  of  thi?  sample  surface  to 
the  focal  plane  and  corresponding  increase  of  the 
irradiancy.  The  compensation  for  the  increase  of 
the  sample  thickness  was  realized  by  periodic 
moving  its  surface  off  the  focal  plane. 

The  first  visual  signs  of  the  oxide  layer  growth 
were  shown  between  3-6-th  minutes.  Later  the 
growth  and  the  deformation  of  the  oxides  began. 


After  30-35  the  noticeable  delay  of  oxidation  due 
to  screening  of  the  radiant  flux  by  oxide  layer.  As  a 
result  of  the  experiments  increase  of  the  sample 
weight  and  their  thickness  depending  on  heating 
duration  has  been  obtained.  The  weight  and  the 
thickness  of  oxidized  hard  alloy  parts  after  being 
separated  from  sample  were  determined  too. 

The  obtained  experimental  data  have  permitted  to 
determine  general  tendencies  of  oxidation  for 
different  materials  containing  tungsten  and  can 
characterize  the  process  of  waste  remaking  as  a 
whole. 

Thus,  the  principle  possibility  for  tungsten 
containing  waste  remaking  by  use  of  concentrated 
solar  radiation  was  established.  At  the  next  stage  of 
investigation  it  is  necessary  to  carry  out  the 
experiments  in  solar  furnaces  directly  taking  into 
account  the  scale  factor  of  treating  object,  the 
working  up  of  the  special  technical  devices  for 
permanent  separating  of  oxidized  parts. 

1.  Pasichny  V.V.,  Powder  metallurgy  and  metal 
ceramics,  1 995,  7/8,  pp.  475-483. 
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APPLICATION  OF  ELECTROPLATING  WASTE  FOR  PRODUCTION  OF 

ENAMEL  COATINGS 

Kochetov  G.M.,  Emelianov  B.M. 

National  University  of  Construction  and  Architecture,  Kiev,  Ukraine 


Wastewater  and  the  sludge  of  industrial  plants 
contain  significant  amount  of  toxic  components 
polluting  the  environment.  Considerable 
dissonance  between  volume  of  the  waste 
accumulation  and  their  utilization  now  is 
dominating  fact  in  Ukraine.  The  utilization  of 
heavy  metals  from  those  waste,  on  the  one  hand, 
allows  to  save  valuable  natural  raw  materials  and 
power  resources,  and,  on  the  other,  to  solve  the 
important  ecological  problem. 

There  are  some  technologies,  allowing  to  apply 
electroplating  sludge  as  a  component  of  different 
construction  materials:  brick,  tile,  concrete,  etc. 
However,  sanitary  assessments  of  these  materials, 
have  revealed,  that  notwithstanding  positive 
technological  results,  environmental  parameters 
of  them  are  far  from  being  appropriate  for 
application,  due  to  permanent  leaching  and 
migration  of  heavy  metal  ions  into  the 
environment.  Therefore,  for  the  time  being  the 
above  sludge-treatment  technologies  do  not  allow 
to  conserve  valuable  resources  and  prevent 
environmental  pollution. 

We  have  developed  technology  for  utilization  of 
nickel-containing  sludge  as  materials  for  an 
enamel  industry.  It  is  moreover  important  since 
until  now  only  pure  nickel  and  cobalt  oxides  have 
been  used  as  a  coupling  in  ground  enamel 
coatings.  According  to  the  known  data  the 
problem  for  replacement  of  pure  oxides  by  nickel- 
containing  waste  of  industrial  plants  is  not 
positively  solved.  Selection  of  galvanic  sludge  for 
the  goal  of  replacement  is  explained  by  the 
presence  in  sludge  of  some  component  besides 
nickel,  in  particular,  copper  and  zinc,  which  are 
favorable  for  the  characteristics  of  an  enamel 
coating.  However,  the  galvanic  sludge  commonly 
contains  chromium  and  this  metal  is  known  as 
such  that  decrease  of  ground  enamels  quality.  The 
chromium  problem  is  also  solved  in  this  research. 

were  studied  by  using  of  standard  techniques  and 
compared  with  standard  enamels  obtained  in 
similar  conditions. 


In  this  research  as  a  raw  material  for  replacement 
of  nickel  and  cobalt  oxides  in  the  ground  enamel 
we  propose  to  use  enriched  galvanic  sludge  from 
one  Ukrainian  plant.  The  sludge  contains 
substantional  amount  of  moisture  (up  to  80%). 
Therefore,  for  more  convenient  storage  and 
transportation  the  first  stage  of  the  sludge 
treatment  includes  it  contraction,  dewatering. 
Obtained  materials  were  abbreviated  as  Nickelit. 
Next  two  methods  of  Nickelit  processing  were 
developed:  1)  chemical  and  2)  thermal. 

Chemical  enrichment 

For  removal  of  undesirable  contamination  of 
Nichelit  with  Cr(III)  compounds  chemical  method 
based  on  amphoteric  properties  of  chromium 
hydroxide  was  used.  Chemically  enriched 
Nickelit  can  be  used  for  replacement  of  coupling 
oxides  in  the  ground  enamels.  Chemical  analysis 
shown  that  chromium  content  in  processed 
Nickelit  is  not  exceeds  3,0  %  (in  recalculated  to 
oxide). 

Additional  thermal  enrichment 
The  method  of  thermal  enrichment  of  chemically 
processed  Nickelit  is  based  on  a  fact  that  Nickelit 
contains  also  significant  amount  of  chemically 
bonded  water,  which  is  not  possible  to  remove  by 
preliminary  dewatering.  The  product  of  high- 
temperature  processing  (further  Nickelit-T)  was 
crushed  till  powder  in  vibrating  mill  and  carefully 
mixed  up  before  using. 

Chemically  and  thermally  enriched  Nickelit  has 
up  to  70  of  %  of  Nickel  (III)  oxide.  This  material 
was  used  in  laboratory  conditions  for  replacement 
of  the  individual  nickel  oxide  in  ground  enamels. 
Mixture  for  ground  enamel  was  prepared  in 
standard  conditions  taking  to  account  nickel 
contents  in  Nickelit-T. 

Preparation  of  initial  mixture  for  enamel,  it 
processing  was  performed  in  standard  conditions. 
Basic  physical-chemical  and  mechanical 
properties  of  the  obtained  ground  enamels. 

Results  of  the  experiment  showed  that  the  main 
working  characteristics  and  physical-chemical 
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properties  of  ground  enamels  obtained  from 
Nickelit-T  meet  standard  requirements. 
Moreover  mechanical  stability  (stress)  and  heat 
resistance  are  higher  for  the  materials  proposed. 

We  suggest  mathematical  model  for  simulation 
of  properties  of  Nickelit-T-containing  enamel 
depending  on  its  chemical  composition.  This 
model  was  tested  for  calculation  of  thermal 
expansion  coefficient.  Coefficients  obtained 
from  the  model  are  in  good  agreement  with  those 
obtained  from  experiment. 


The  proposed  mathematical  model  can  be  used 
for  theoretical  prediction  of  ground  enamel’s 
properties. 

The  technology  has  been  tested  at  the  industrial 
sites  and  we  recommend  it  for  large-scale 
implementation.  Our  technology  ensures  waste- 
minimization  and  replacement  of  expensive 
production  inputs. 


t 
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Overloading  of  the  Spent  Nuclear  Fuel  (SNF) 
storage  facilities  of  nuclear  reactors  and  necessity 
to  transport  the  SNF  is  a  complicated  ecological 
problem  requiring  an  immediate  solution.  An 
effective  and  cost-effective  way  of  its  solution  is  to 
use  special  metal  and  concrete  containers  (MBK) 
for  storage  and  transportation  of  the  SNF.  The 
MBKs  have  been  developed  by  the  KBSM 
(Special  Mechanical  Engineering  Design  Office), 
S. -Petersburg.  Concrete  in  such  constructions  has 
been  used  for  the  first  time  and  that  required  for 
complicated  science-consuming  researches.  In  the 
base  of  such  researches  were  results  received 
during  development  of  special  facilities  of  high 
strength.  In  present  time  a  cycle  of  research  and 
development  and  experimental  works  has  been 
performed  having  shown  safety  of  the  MBK  with 
the  SNF  in  diverse  extreme  conditions  provided  in 
the  RF  regulations  and  the  IAEA 
recommendations. 

Special  super  heavy  concrete  of  highly  strength  (V 
110)  and  highly  strength  plastic  steels  have  been 
applied  in  the  MBK.  The  concrete  and  steel  of  the 
MBK  are  working  in  the  extreme  conditions, 
stipulated  by  radiation  processes,  intensive  thermal 
emissions  of  the  SNF,  a  safety  requirement  in 
emergency  conditions  (an  impact  on  a  hard 
foundation  with  a  velocity  of  V  =  13,3  m/s,  fire 
etc.).  The  extreme  thermal  load  on  the  MBK  is  30- 
80  kWt/m2  during  half  an  hour.  Plastic 
deformations  of  the  metallic  protective  elements 
under  an  impact  are  characterized  by  Odquist 
parameter  e0  »  0,95  ...  1 .  An  influence  of  the 

factors  mentioned  on  the  MBK  has  been  studied  on 
the  base  of  systems  approach;  both  on  the  basis  of 
special  mathematical  models  and  on  the  basis  of 
unique  stand  equipment  experimentally.  One  of  the 
most  important  properties  is  provided  by 
application  of  special  protective  elements  (PE), 
which  absorb  impact  energy  through  their  plastic 
deformation  in  the  MBK  construction.  The 
difficulty  of  calculation  and  design  of  such 
elements  was  in  necessity  of  simultaneous  account 
of  as  geometrical,  so  physical  non-linearities  of 
their  deformation  process  (change  of  the  contact 


area  and  the  PE  configurations,  operation  in  the 
deep  plastic  deformation  zone).  The  difficulties 
mentioned  have  been  overcome  through  a 
calculation  methodology  specially  developed, 
which  was  based  on  a  principally  new  method  of 
task  solutions  of  limit  equilibrium.  Special 
mathematical  models  have  been  used  too  for 
thermal  and  mass  exchange  process  analysis. 

Special  attention  has  been  given  to  radiation  and 
chemical  processes  in  the  conditions  of  elevated 
temperature  influence  and  to  longevity  issues. 

A  cycle  of  calculation  and  experiments  has  been 
completed  by  tests  of  large-scale  and  full-scale 
MBK  models.  Systemic  behavior  studies  of  diverse 
materials  (concrete,  metal,  sealing  elements)  in  the 
extreme  conditions  of  the  MBKs  operation  have 
allowed  to  give  the  MBKs  safety  warranties  and 
recommend  them  for  serial  production. 
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POLYMER-WOOD  MATERIALS  BASED  ON  POLYMER  WASTES 
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The  new  composite  polymer  wood  materials 
(PWM)  are  thermoplastic  polymer  matrix  filled 
with  up  to  70  %  of  woodcutting.  The  attractive 
properties  of  PWM  are  good  mechanical 
characteristics,  possibility  of  the  processing  by 
traditional  methods  of  plastics  processing  and  low 
price  of  PWM.  Using  the  thermoplastic  polymer 
waste  for  PWM  production  solves  two  problem  at 
once:  1)  preventing  environment  pollution  by 
means  of  polymer  waste  recycling,  2)  obtaining 
new  materials  suitable  for  goods  production. 

Extrusion,  pressing  and  die-casting  are  the  methods 
for  PWM  processing  into  the  goods.  The  extrusion 
expects  of  high  polymer  melt  homogeneity  and 
appointed  wood  fractional  composition.  Therefore 
this  method  has  not  enough  perspective  for  mixed 
polymer  waste  and  poor  quality  woodcutting 
recycling. 

If  the  wood  flour  (woodcutting  with  small  particle 
size)  with  relatively  low  concentration  (up  to  20%) 
is  used  to  provide  the  necessary  melt  flow  then  the 
injection  molding  could  be  used  for  PWM 
production. 

More  suitable  for  PWM  production  is  pressing 
method.  This  method  allows  using  different  mixed 
polymer  waste,  different  type  of  woodcutting 
(sawdust  and  chip  with  particle  size  from  0.1  to  10 
or  more  mm)  and  also  plants  waste.  At  the  same 
time  the  acceptable  quality  level  PWM  is  obtained 
due  to  the  reinforcing  and  compactibilising 
behavior  of  wood  phase. 

The  following  variants  of  pressing  methods  may  be 
marked  out: 

A)  Direct  pressing  of  the  mixture  of  milled 
polymer  and  wood  chips; 

B)  Pressing  of  the  polymer-wood  mixture 
previously  homogenized  in  the  melt. 

Furthermore  the  B  method  may  be  divided  on  the 
following  variants: 

Bl)  After  homogenization  polymer-wood  paste  is 
cooled  and  serves  as  semi-finished  product 
(sfp)  for  further  pressing.  Before  pressing  a 
carpet  is  formed  from  the  sfp.  After  that  the 
carpet  is  heated  and  pressed. 

B2)  After  homogenization  polymer-wood  paste  is 
formed  as  continuos  wide  strip.  The  strip  is 
cooled  and  cut  to  obtain  semi-finished  product 


as  plates  for  further  pressing.  The  plate  is 
heated  before  pressing. 

B3)  The  portion  of  hot  homogenized  polymer- 
wood  paste  is  injected  into  the  die  mold  and 
formed. 

All  above-mentioned  variants  have  merits  and 
demerits.  Variant  A  is  most  favorable  for 
processing  of  wood  chips  with  particle  size  more 
than  10  mm.  This  wood  chips  make  the  external 
appearance  of  goods  similar  to  the  natural  wood. 
At  the  same  time  the  product  strength  is  the 
same  as  strength  of  material  obtained  by  means 
of  another  variants,  but  the  product  water 
resistance  is  essentially  lower. 

Variant  Bl  allows  to  segregate  the  stages  of 
PWM  obtaining  and  product  formation.  The 
product  pressing  technology  is  similar  to  the 
well-known  technology  of  resin-bonded 
chipboard.  The  main  problem  of  this  technology 
is  the  carpet  heating  stage.  This  is  due  to  the  low 
thermal  conductivity  of  the  granulated  polymer- 
wood  sfp.  The  HF  (high  frequency)  heating  are 
most  favorable  for  initial  carpet  heating  whilst 
the  IR  (infrared)  emission  heating  is  the  least 
efficient. 

Variant  B2  is  the  same  as  the  Bl  excluding  the 
carpet  formation  stage  from  sfp. 

Variant  B3  is  most  efficient  since  it  exclude  the 
semi-finished  product  (carpet  or  plate)  heating 
stage.  However  this  technology  expects  the  high 
spread  rate  of  the  hot  melt  within  the  die  mold 
because  of  the  high  cooling  rate  of  the  melt.  In 
this  case  the  melt  is  not  able  to  fill  up  the  die 
mold  regions  remote  from  the  melt  injection. 
Therefore  obtaining  large  area  thin-walled 
product  by  means  of  the  B3  method  is  difficult. 
Properties  of  PWM  depend  on  many  factors 
such  as  composition  of  the  polymer  matrix, 
content  of  the  wood  phase,  size  of  wood 
particles,  interaction  on  the  polymer-wood 
boundary,  etc. 

The  distinctive  feature  of  the  wood  chip  filler  is 
the  presence  of  reactive  groups  that  can  come 
into  chemical  and  intermolecular  interaction 
with  polymer  matrix.  One  more  feature  is  the 
filler  porous  structure  providing  a  good  coupling 
with  polymer.  The  possibility  to  rise  both 
chemical  interaction  and  hydrogen  bond 
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formation  between  secondary  PE  and  cellulose 
functional  groups  was  earlier  shown  by  IR  study  of 
the  secondary  PE  filled  with  wood. 

The  different  level  of  wood  component  influence  on 
the  composite  strength  and  structure  formation 
within  the  polymer  matrix  for  primary  and 
secondary  PE  was  shown  by  the  DSC  comparative 
study  of  PWM  (see  Table). 


Polymers  and 
composites 

Tensile 
strength 
a,  MPa 

Melting 
heat  AH, 
kJ/kg 

Relative 
melting  heat 
decrease, 
5(AH),  % 

Primary  PE 
Secondary  PE 
(SPE) 

70  PE  + 

+  30  Wood 

70  SPE  + 

+  30  Wood 

12.6 

11.5 

10.9 

13.8 

108.9 

108.1 

97.6 

93.3 

10.4 

14.0 

It  can  be  seen  from  the  Table  that  the  melting  heat 
decrease  occurs  for  both  secondary  and  primaty  PE 
filled  with  wood,  but  for  secondary  PE  the  value  of 
S(AH)  is  bigger.  Therefore,  the  rise  of  chemical 
interaction  between  secondary  PE  and  wood  results 
in  crystallization  suppression  within  the  polymer 
matrix  and  increases  the  composite  strength  a. 

The  pressing  technology  of  obtaining  PWM  looks 
mainly  like  the  technology  of  obtaining  chipboard 
and  wood-fiber  board.  The  process  includes  steps  of 
wood  drying,  cold  mixing  with  polymer,  hot  and 
cold  pressing  (method  A).  However,  in  this  case, 
the  high  waterproofness  can  not  be  achieved 
because  of  the  partial  wood  wetting  with  the 
polymer  as  a  result  of  the  both  non-homogeneity  of 
the  mixture  and  high  polymer  melt  viscosity, 
although,  the  strength  of  material  is  high  enough. 
The  hot  blending  step  insertion  into  the 
technological  process  (i.e.  blending  of  the  polymer 
in  the  melt  state  with  ground  wood  (method  B)) 
results  in  the  drastic  improvement  of  PWM 
characteristics.  The  impact  of  large  shear 
deformations  in  the  course  of  the  composite 
blending  in  the  mixer  ensures  the  uniform  spreading 
of  polymer  melt  on  wood  particle  surface. 
Homogeneous  mass  comes  into  the  grinder  and 
after  that  it  can  be  kept  as  granulated  semi- 
fabricate,  which  comes  then  into  the  forming 
equipment  (method  Bl). 

When  the  polymer  blend  is  used  for  PWM 
production  hot  blending  gives  especially  good 
effect.  When  PWM  is  obtained  by  method  Bl  the 


composite  waterproofness  improves  greatly 
(water  absorption  AW  and  swelling  AS  are 
decreased  considerable),  tensile  strength  ct 
increases  and  bending  strength  crb  remains 
almost  unchanged.  Polymer-wood  mass 
homogenization  at  the  temperature  higher  than 
polymer  melting  point  results  in  semi-fabricate 
formation,  which  has  wood  particles  covered 
completely  with  the  polymer  layer.  The 
following  pressing  leads  to  the  filling  of  the 
capillary-porous  wood  structure  with  the 
polymer  present  on  the  wood  particle  surface 
and  therefore,  improves  PWM  waterproofness. 
The  strength  increases  due  to  the  removal  of 
defects,  such  as  wood  particle  parts  non-wetted 
with  the  polymer. 

These  regularities  occur  also  for  PWM  on  base 
of  blends  PS-PVC  and  PE-PVC.  Extreme  effects 
of  rise  and  reduction  PWM  parameters  appear 
when  contents  of  one  polymer  component  is 
small  (5-10  %).  These  effects  can  explain  by 
change  of  the  polymer  matrix  structure  with 
adding  second  polymer. 

Dependencies  of  strength  (a,  and  <rb)  and  water 
resistance  (AW  and  AS)  have  the  contrary 
character.  Increase  of  strength  and  decrease  of 
AW,  AS  occurs  for  the  same  compositions,  It 
allows  us  to  conclude  that  main  factor  defining 
parameters  of  PWM  are  interaction  polymer 
matrix  -  wood.  Interaction  polymer  -  polymer 
have  less  meaning.  Really,  maximal  A  W  value 
of  poor  blend  PE-PS  achieves  1  %,  whilst  PWM 
on  base  of  this  blend  increase  up  to  22  %. 
Consequence,  additions  improving  interaction 
polymer  -  wood  can  considerable  rise  properties 
of  PWM. 

Consequently,  when  secondary  polymers  are 
used  for  obtaining  the  polymer-wood  materials  it 
is  possible  to  improve  the  composite 
characteristics  due  to  formation  of  both  chemical 
and  hydrogen  bonds  between  functional  groups 
of  the  polymer  and  wood.  The  insertion  of  the 
step  of  hot  polymer-wood  blending  into  the 
technological  process  of  PWM  production 
makes  it  possible  to  improve  drastically  the 
waterproofhess  and  strength  of  the  resulting 
material. 
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PARAMAGNETIC  FEATURES  OF  SOME  ADSORBENTS  OBTAINED 
FROM  VARIOUS  PRODUCTION  WASTE 

Rvahikin  Yu. A.,  Zashkvara  O.V,  Mansurova  Mansurov  Z.A.(1) 

Institute  of  Physical  and  Technology  ME&S  RK,  Almaty,  Kazakhstan 
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Decision  of  ecological  problems  of  different 
nature,  including  radiation  ecology,  brings  up 
sharply  a  question  of  getting  high  effective  and 
inexpensive  adsorbents.  Last  time  the  adsorbents 
on  carbonaceous  materials  basis  have  more  and 
more  distribution.  Important  advantage  of  such 
adsorbents  is  that  they  can  be  obtained  from 
industry  and  agriculture  waste.  Costs  for  such 
adsorbents  getting  is  small,  therefore  their 
production  is  advantageous.  At  that  two  problems 
are  essentially  decided:  waste  utilisation  takes 
place  that  improves  ecological  situation  in  itself 
and  effective  and  economically  advantageous 
adsorbents  are  obtained.  The  such  spent 
adsorbents  substitution  by  new  ones  is  often  more 
advantageous  than  their  regeneration. 

Various  sledges  obtained  as  waste  of  some 
metallurgy  productions,  thermoelectric  power 
station  employment,  woodworking  industry  and 
agricultural  productions,  (stones  of  fruits  and 
berries,  various  nut  shells  and  so  on)  as  different 
clays  can  be  used  as  materials  for  getting  of 
substances. 

In  this  report  some  results  concerning 
overcarbonization  process  study  by  electron 
paramagnetic  resonance  (ESR)  method  of  as  Turgai 
sludge  and  Chilic  clay  (TSCC)  mixture  with  the 
ratio  1:1  and  some  different  objects  as  results  on 
overcarbonization  of  walnut  shell  (WS),  grape 
stones  (GS)  and  birchen  sawdust  (BS)  are 
presented. 

Turgai  sludge  constitutes  the  aluminum  industry 
waste.  The  mixture  composition  TSCC  1 : 1  contains 
Fe304  (32,6%),  CuO  (4,1%),  MnO  (8,2%),  PbO 
(5,5%),  CdO  (4,3%)  and  3%  of  other  oxides. 
Material  overcarbonization  process  was  executed  in 
quartz  reactor  with  use  of  propane-butane  gas 
mixture.  The  overcarbonization  of  TSCC  1:1  during 
30  min  was  carried  out  at  temperatures  450°C, 
550°C,  650°C,  750°C  and  900°C.  The  organic 
materials  overcarbonization  was  carried  out  in 
argon  atmosphere  at  various  temperatures. 


In  ESR  spectrum  of  initial  sample  TSCC  a  line,  due 
to  Fe+3  ions,  with  wide  AH=840Oe  and  g=2,ll 
dominates.  Besides  this  line  there  is  one  more  ESR 
line  due  also  Fe+3  ions  but  with  wide  AFI=70Oe  and 
g=4,3.  On  ESR  spectrum  from  Fe+3  ions  with 
g=2,l  1  a  weak  six-component  spectrum  of  bivalent 
manganese  ions  was  laid  which  parameters 
approach  to  ones  of  Mn+2-  spectrum  in  MnO  lattice. 
But  already  at  first  overcarbonization  temperature 
450°C  this  spectrum  is  not  recorded.  It  fails  too 
observe  at  more  high  overcarbonization 
temperatures  the  spectrum  of  Fe+3  ions  with  g=4,3. 
This,  to  a  great  extent,  is  connected  with  the  fact 
that  line  intensity  with  g=2  grows  sharply  at  first 
overcarbonization  temperatures,  and  at  550°C  it 
achieves  a  maximum,  and  its  excess  over  initial 
sample  is  300-fold.  When  overcarbonization 
temperature  being  further  increase,  not  less  violent 
decrease  of  resonance  signal  intensity  occurs. 
Unfortunately,  intensive  signal  from  Fe+3  ion  cluster 
denuded  the  possibility  to  record  ESR  signal  of 
carbonaceous  sediment  formed  under 
overcarbonization  of  these  materials.  Nevertheless, 
it  has  been  discovered  a  correlation  between 
obtained  dependence  of  magnetic  resonance  signal 
intensity  on  ovecarbonization  temperature  with 
carbide  mechanism  of  materials  overcarbonization. 
It  has  been  shown  that  in  this  system  the  basic 
overcarbonization  process  begins  higher  550°C, 
when  iron  clusters  with  significantly  large 
dimensions  forming.  This  leads  to  generation  of 
large  quantities  of  carbon  Fe2C,  which 
decomposition  products  free  carbon  isolation. 

Carbonized  organic  materials  are  rather  widely  used 
as  adsorbents.  ESR  method  has  been  applied  for 
study  of  carbonized  materials,  nevertheless  their 
paramagnetic  features  strike  up  to  now  by  their 
variety.  According  to  known  literature  data  the 
unpaired  electrons  concentration  dependence  on 
carbonization  temperature  of  organic  materials 
passed  through  a  maximum  in  temperature  diapason 
from  400°C  to  600°C.  Such  dependencies  obtained 
by  as  for  walnut  shell  (WS)  and  grape  stones  (GS) 
show  an  availability  of  two  maxima.  The  first  is  in 
160°C-200°C  range,  and  the  second  (basic)  -  in 
350°C  -  400°C  range.  The  rations  of  these  maxima 
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intensities  for  both  these  samples  is  approximately 
equal  to  3,9. 

When  carbonization  process  of  classical  sample 
(birchen  sawdust)  being  study,  we  also  found  out 
two  maxima  on  dependence  curve  of  ESR  signal 
intensity  on  carbonization  temperature.  But  in  this 
case  the  ration  of  basic  maximum  to  low- 
temperature  one  was  about  150-fold,  and,  probably 
in  early  investigation  the  first  maximum  was  simply 
neglected.  We  connect  the  presence  of  intensive 
first  maximum  in  the  samples  of  WS  and  GS  with 
isolation  of  large  quantity  of  tarry  substances  during 
carbonization  process  For  investigation  of 
paramagnetic  features  change  after  metal  salt 
adsorption  WS,  carbonized  in  atmosphere  of  air  and 
argon  at  temperature  800°C,  was  selected.  ESR 
spectrum  of  initial  WS  samples,  carbonized  in  air  at 
T=800°C  consists  of  two  lines:  narrow  line  free 
radical,  with  concentration  of  unpaired  electrons 
N=71016sp/g  and  line  width  AH=6,20e,  and  broad 
one  from  Fe+3  ions  with  AH=1000e  and 
N=8-10l8sp/g.  In  these  samples  after  salts  sorption 
of  followed  metals  row  -  Cd,  Mo,  Fe,  Co,  Mn,  they 
were  generated  paramagnetic  complexes  -  metal- 
carbon-unpaired  electrons  (Me-C-unp.el.),  which 
had  different  ESR  line  widths  (470Oe,  460Oe, 
150Oe,  120Oe  and  290Oe)  and  different 

concentration  of  unpaired  electrons  (8- 10  , 
1 ,3- 1020,  0,2- 102°,  0,M020,  0,6-102°sp/g), 

correspondingly.  Free  radical  states  concentration 


after  adsorption  in  dependence  on  metal  kind 
changed  only  by  1,5-2 -fold.  And  the  concentration 
of  Co-C-unp.el.  and  Cd-C-unp.el.  complexes 
exceeds  Fe+3  ion  concentration  in  initial  sample  by 
1,3-fold  and  by  100-fold,  correspondingly. 

Carbonized  at  800°C  in  argon  atmosphere  WS  was 
activated  by  0,1N  solution  HC1.  After  that  in  WS 
ESR  spectrum  the  line  of  Fe+3  ions  disappear,  and 
free  radical  states  concentration  became 
N=l,4-1019sp/g.  After  adsorption  of  Cd  and  Cu  salts 
by  these  samples  the  ESR  spectrum  of  these 
samples  consists  of  two  lines  The  broad  line  is  due 
to  paramagnetic  complexes  Me-C-unp.el,  and 
narrow  one  —  to  free  radical  states  with 
N=4,610lbsp/g  for  both  metal  complexes.  For  the 
complex  Cd-C-unp.el.  -  N=l,6-10l9sp/g, 

AH=280Oe;  and  for  the  complex  Cu-C-unp.el.  - 
N=T,l-1019sp/g,  AH=140Oe. 

Thus,  paramagnetic  complexes  of  Me-C-unp.el. 
kind  are  generated  as  a  results  of  metal  adsorption. 
Summary  concentration  of  unpaired  electrons  in  the 
samples  after  adsorption  is  always  higher  than  in 
initial  samples.  It  requires  supplementary 
explanation,  but  it  is  evident  that  paramagnetic 
features  of  these  substances  plays  important  role  in 
adsorption  metal  processes. 
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l.Introduction 

Mechanical  disintegration  of  materials  is  widely 
used  in  various  powder  technologies.  Powder 
production  at  crushing  is  accompanied  by 
numerous  acts  of  fracturing.  High  density  of 
dislocations  and  network  of  microcracks  has  been 
obtained  in  this  case.  When  the  process  of  milling 
takes  place  in  the  active  medium,  like,  in  the  air, 
oxides  and  other  chemical  compounds  may  be 
formed  both  on  external  and  internal  interfaces. 
As  a  result,  powders  obtained  through  crushing 
may  serve  as  a  way  of  producing  a  new 
heterogeneous  material  [  1 ,2] . 

The  aim  of  this  paper  is  to  show  the  possibility  of 
utilization  of  waste  of  commercially  produced  Al- 
B  fiber  composites  by  crushing  in  the  air.  The 
structure  and  mechanical  properties  of  obtained 
A1B  powders  and  sintered  compacts  were 
investigated.  Adhesion  on  Al/Al  and  Al/B 
interfaces  at  various  temperatures  and  cleanliness 
of  surfaces  have  been  studied  on  bimetallic  joints 
as  model  objects. 

2.ExperimentaI  procedure 

Estonian  DSL  type  and  Fritch's  disintegrators 
were  used  for  crushing.  The  samples,  showing 
lack  of  bonding  between  fibers  and  matrix,  were 
specially  chosen.  During  crushing  of  such 
material,  the  free  boron  fibers  served  as  additional 
deforming  rigid  elements. 

The  microhardness  method  was  used  for 
estimation  mechanical  properties  of  powder 
particles.  The  depth  dependence  of  microhardness 
characterizes  the  mechanical  properties  of 
particles  both  in  near-surface  layers  and  in  the 
bulk.  The  Vickers  microhardness  tests  were 
performed  by  the  original  device  described  in  [3], 
which  is  insensitive  to  vibration  and  is  suitable  for 
accurate  hardness  measurements  over  a  load  range 
from  3  mN  to  2  N.  Under  the  load  range  from  2  to 
10  N  measurements  were  made  by  the 
microhardness  tester  PMT-3.  Structure 


investigations  were  carried  out  using  Neophot-30 
microscope,  SEM  and  X-ray  diffractometer. 
Sintering  of  powders  was  carried  out  after  their 
cold  pressing.  The  temperature  of  sintering  varied 
from  393K  up  to  910K.  Tests  of  mechanical 
strength  of  sintered  samples  were  carried  out  on 
compression  by  machine  WPM-500. 

3.  Results  and  discussion 

After  disintegration  powder  particles  had  diameter 
from  0.5  to  1.0  mm.  The  length  of  boron  fibers 
was  2  mm  .  X-ray  analysis  of  the  powders  showed 
that  no  new  phases  such  as  A1B,  and  A1B,,  appear 
after  disintegration.  Boron  and  aluminum  lines 
were  broadened.  For  boron  it  is  connected  with  its 
fine  dispersed  quasi  amorphous  state  which  is 
caused  by  fibers  production  method.  Elastic 
stresses  of  deformation  nature  caused  the 
broadening  of  the  aluminium  lines.  Influence  of 
oxide  complexes,  mixed  with  metal  during 
disintegration  is  also  possible. 

Structural  observations  have  shown  that 
aluminium  powders  are  strongly  deformed  by 
crushing.  In  the  overstressed  regions  the  large 
cracks  could  be  seen.  Each  of  A1  powder  particle 
is  structurally  inhomogeneous.  Boron  fibers  were 
frequently  broken  but  showed  no  evidence  of 
interaction  with  aluminium. 

The  results  of  A1  powder  particle  microhardness 
measurements  are  presented  in  Fig.l.  For 
comparison,  in  the  same  figure  values  of 
microhardness  for  aluminium  matrix  in  composite 
(curve  3)  is  shown.  As  it  is  seen  the  powder 
particles  after  disintegration  have  much  higher 
'microhardness  than  aluminium  matrix  in  the 
composite.  In  the  near  -surface  layer 
microhardness  is  even  higher.  It  can  be  assumed 
that  we  deal  with  strongly  deformed  state  of 
aluminium.  However,  the  results  of  microhardness 
measurements  for  powder  annealed  did  not 
confirm  this  conclusion.  Annealing  at  800  K 
caused  the  reduction  of  strengthening  only  in  the 
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surface  layer,  while  microhardness  in  the  bulk  did 
not  change,  being  2-3  times  higher  than  that  of 
aluminium  in  the  composite  matrix  before 
disintegration. 


h,  |jm 

Fig.l  The  dependence  of  microhardness  on  the 
indentation  depth  for  aluminium  powder  after 
disintegration  (1),  after  annealing  at  800K  (2)  and 
A1  matrix  of  the  as-prepared  Al-B  fiber  composite 
(3). 

From  these  data  it  could  be  inferred  that  oxide 
compounds  occur  in  the  A1  powder  particles 
hardening  them  simultaneously.  It  is  in  agreement 
with  the  results  of  X-ray  analysis  and  structural 
observations.  Deep  oxidation  of  aluminium  is 
possible  due  to  oxygen  penetration  through 
developed  network  of  dislocations,  grain 
boundaries  and  microcracks,  which  appear  in  the 
regions  of  stress  concentrating  during  material 
disintegration.  Every  A1  powder  particle  presents 
itself  as  a  "composite”.  As  it  concerns  boron 
fibers,  their  microhardness  after  disintegration 
corresponded  to  the  initial  value  and  was  about  70 
GPa. 

Powder  compacts  were  obtained.  Received  after 
cold  pressing  powders  samples  were  monolithic 
and  kept  together,  however,  easily  brittle  failured 
at  small  loading.  Sintering  of  such  samples  at 
393K  has  resulted  in  some  increase  of  their 
srength  on  compression  which  value  did  not 
exceed  10  Mila.  Sintering  at  higher  temperatures 
resulted  in  gradual  increase  of  strength  which  at 
91  OK  has  made  already  90  Mila.  It  is  interesting, 
that  character  of  failure  could  be  treated  as  q  quasi 
brittle  with  some  share  of  plasticity.  Sintered 
samples  had  small  density  (2.2  g/cm3)  and 
represented  dielectric.  Stable  oxides  determine 
also  the  strength  and  adhesion  on  the  Al/B  and 
Al/Al  interfaces.  Investigations  of  the  adhesion 
show  that  the  adhesion  strength  of  the  Al/Al  joints 
increases  under  annealing  at  400  K  while  their 
softening  after  annealing  at  800  K  was  observed. 


The  strength  of  Al/B  joints  increased  only  under 
annealing  at  800  K.  The  effect  of  annealing  on 
the  deformation  behaviour  of  atomically-clean 
and  oxidized  interfaces  is  quite  different.  These 
data  together  with  the  results  of  our  fractographic 
investigations  allow  to  conclude  that  annealing 
leads  to  .....  increase  of  the  adhesion  and  plasticity 
of  the  oxidized  interface  layer. 

In  summary  we  shall  notice,  that,  Al-B  powder 
possessing  high  hardness  properties  can  be 
successfully  applied  as  an  abrasive  material  for 
doping  grinding  pastes.  Another  example  of 
applying  the  Al-B  powder  is  fabricating  the 
powder  based  grinding  tools.  For  that  purpose  Al- 
B  powder  was  mixed  with  polymer  filler  and  then 
pressed  and  polymerized.  The  obtained  samples 
containing  30-60%  Al-B  were  used  for  fabricating 
the  abrasive  wheel  which  could  be  applied  to  the 
treatment  of  glass,  metals  and  ceramics. 

The  received  data  about  mechanical  and  physical 
properties  of  sintered  A1B  ceramic  have 
preliminary  character  and  demand  the  further 
researches.  However,  it  is  possible  to  notice,  that 
new  A1B  ceramics  consequently  its  small  density 
and  also  sufficient  strength  at  small  brittleness  is 
perspective  for  use  as  isolators  and  other  designs, 
it  is  especial  in  transport  mechanical  engineering. 
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A  complex  of  research  activities  for  establishing 
the  thermal  stability  of  the  cast  alloys  structure 
CHS88UVI  and  CHS104VI  type  (like  IN738, 
Rene41)  has  been  conducted.  These  alloys  were 
recovered  from  non  -  return  wastes,  which  had 
been  generated  during  the  casting  of  blades  on  gas 
turbine  engine  (GTE). 

Two  stages  process,  that  included  vacuum  thermal 
melting  with  directional  crystallization  (VTMDC) 
and  subsequent  vacuum  induction  melting  was 
employed.  VTMDC  process  was  carried  out  in  the 
PMP-4M  unit  that  had  been  usually  used  for  cast 
blades  production.  Regeneration  of  components  of 
the  solid  solution  of  alloy  from  high  temperature 
compounds  was  realized  in  the  second  stage.  In 
addition  there  was  conducted  the  refinement  of  the 
superalloys  scrap  from  metallic  admixture  and 
non-metallic  inclusions. 

The  recycling  high  temperature  alloys  for  gas 
turbine  engines  is  of  great  concern  to  Ukrainian 
specialty  metallurgy.  It  is  a  basic  problem  since 
there  are  a  lot  of  companies,  which  produce  these 
engines  for  aviation,  ship  building  and  energetic. 

The  vacuum  induction  melting  is  a  common 
method  for  recycling  vacuum  grade  superalloy 
scrap.  However  this  method  is  insufficient  while 
applied  for  refining  scrap  contaminated  by  non- 
metallic  inclusions.  The  problem  is  one  of  the 
“hottest”  for  recycling  of  used  or  rejected  blades  of 
gas  turbine  engines.  The  blades  were  coated  by 
non-metallic  phases  that  were  difficult  to  separate 
by  means  of  ordinaiy  mechanical  and  chemical 
operations.  Moreover  a  part  of  the  phases  located 
on  internal  surfaces  of  a  refrigerated  blade.  Since 
these  scraps  cannot  be  classified  as  pedigree  ones 
they  should  be  used  at  the  charges  of  lower  grades 
alloys.  This  option  doesn’t  seem  to  be  sound 
enough  from  economic  considerations.  Another 
unacceptable  option  is  recycling  the  scraps  abroad 
on  toll  bases.  Therefore  a  development  of  the 
newest  approaches  based  on  combination  of 
different  recycling  methods  is  an  urgent  point. 

We  would  like  to  present  a  new  two-  stage  refining 
technology  in  vacuum.  It  consists  of  filtration 


process  followed  by  deep  refining  of  a  melt  under 
specific  conditions.  So  superalloy  scraps  are 
remelted  in  vacuum-  thermal  furnace  designed 
for  unidirectional  solidification  of  a  melt  at  the 
first  stage.  This  process  was  mentioned  already  in 
the  report  about  the  results  of  our  researches, 
which  confederate  during  the  Canada  conference. 
After  That  a  semi-finished  product  is  remelted  in 
vacuum-induction  furnace  with  a  peculiar 
temperature  condition.  The  first  stage  recycling  is 
characterized  by  alloy  refining  from  exogenous 
non-metallic  inclusions  and  dissolved  gases.  This 
process  runs  during  scraps  remelting  under 
vacuum  in  the  melting  device  PMP-4M,  where 
solidification  by  zones  of  an  alloy  takes  place 
after  complete  melting  of  metal.  It  causes  a 
complete  removal  from  the  alloy  of  non-metallic 
phases  and  detrimental  elements.  The  special 
ceramic  mold  was  designed  for  providing  deep 
filtration  process.  This  effect  can  be  reached  due 
to  the  application  of  a  unique  multilevel 
construction  of  the  mold  and  a  common  filter. 
The  mold  is  set  into  a  graphite  box  and  covered 
with  graphite  shots.  The  reluctant  ambient  of  a 
mold  is  reached  by  carbon  presence  in  the 
melting  device.  The  possibility  of  another 
oxidation  of  a  melt  is  prevented  in  such  a  way. 

The  scraps  set  into  upper  part  of  a  mold  are 
melted  by  induction  heating  over  a  wide  range  of 
superalloy’s  solidus-liquidus  temperatures  (1270 
-  1335  °C).  Then  a  melt  is  heated  up  to  melting 
point  of  nickel  (1450  ”C).  So  a  nickel  partition, 
which  prevents  a  charge  getting  a  mold  bottom,  is 
melted.  The  molten  alloy  soaks  throw  a  filter 
under  gravity  power  and  gets  released  from 
exogenous  inclusions.  The  additional  refinement 
is  reached  through  unidirectional  solidification  of 
alloy,  which  starts  from  bottom  of  a  mold  on 
three  inoculating  crystals.  These  superalloy 
monocrystals  initiate  solidification  with 
orientation.  The  exogenous  inclusions,  which  still 
remain  in  a  melt,  are  pushed  aside  by 
crystallization  front  and  located  at  tops  of  three 
forming  ingots.  The  parts  of  the  alloy  admixed  by 
the  inclusions  are  separated  by  shearing. 
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In  the  same  cases  such  complex  refining  procedure 
is  insufficient  for  usage  of  produced  alloy  for 
casting  the  high  performance  blades.  The 
additional  specific  vacuum  induction  melting  is 
applied.  The  process  runs  under  0,133  Pa  pressure. 
The  rigid  temperature  control  and  vigorous 
induction  mixing  provide  the  conditions  favorable 
for  additional  melt  refinement.  Our  specific 
vacuum  induction  melting  slightly  differs  by 
electric  power  consumption  and  termination  from 
the  traditional  one.  The  experimental  melts  were 
carried  out  in  8-kg  capacity  UPPF-2  furnace.  The 
traditional  scraps  from  Cr-bearing  Ni-based  high 
temperature  alloys  ChS88U  and  ChS104  were 
used.  These  grades  are  applied  for  production  of 
blades  of  power  gas  turbine  engines  and  gas 
pumping  devices.  The  scraps  were  sheared  and 
processed  by  the  first  stage  of  refining.  The  semi¬ 
finished  products  were  subjected  to  the  second 
stage  of  refining.  The  alloy  was  cast  into  ceramic 
molds,  which  had  been  heated  up  to  1000°  C.  The 
molds  were  manufactured  by  lost  wax  process. 

The  average  chemical  compositions  of  the 
produced  ingots  agreed  with  technical 
requirements.  Particularly  the  content  of 
detrimental  admixtures  and  gases  are  in 
specification  due  to  the  second  stage  of  the 
recycling  (Mg»0.01,  Sn<0.0005;  Sb<0.001; 


Bi<0.005;  In<0.001;  Cb<0.00005;  02<0.0035; 
H2<0.0003).  Therefore  it  is  obvious  that  the 
produced  ingots  should  be  applied  in  high 
performance  castings  production. 

Macrostructure  of  the  produced  ingots  was 
characterized  by  the  dense  and  homogenous 
structure,  the  absence  of  zonal  segregation  and 
insufficient  shrinkage  porosity.  These  facts 
evidence  chemical  homogenization  of  the  ingots 
through  there  longitude.  Spectrochemical 
analyses,  which  had  been  carried  out  showed  the 
same  effects. 

Microstructure  of  the  polished  specimens  cut  out 
from  upper,  middle  and  bottom  ingot’s  zones  and 
in  longitudinal  and  cross  sections  was  examined. 
Its  characteristic  features  are  spheroidization  of 
shapes  of  the  carbides,  low  content  of  nitride  and 
carbo-nitride  non-metallic  inclusions  and 
virtually  complete  absence  of  M23C6  and  MC 
phases. 

The  mechanical  properties  of  ChS88U  and 
ChS104  were  measured  on  the  cast  coupons, 
which  had  been  produced  under  vacuum  along 
with  the  castings  for  blades.  They  are  the 
technical  requirement  as  well. 
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The  problem  of  minimization  of  ecological 
disasters  which  are  accompanied  by  oil  spillage  is 
associated  with  difficulties  of  its  collection  from 
the  water  surface. 

The  oil  spillage  as  a  result  of  tanker  damages  is 
typically  localized  by  booms,  then  mechanically 
collected  using  special  means.  However  this 
method  has  the  following  disadvantages:  the 
collected  product  may  contain  water,  thus 
excluding  its  further  usage;  and,  besides,  the  water 
surface  has  remainder  oil  spots  due  to  a  non¬ 
sufficient  cleaning  thus  creating  additional 
ecological  problems,  time  consuming  and  high 
cost. 

The  most  efficient  removal  of  the  oil  from  the 
water  surface  is  achievable  through  the  sorbent 
use  [1-2].  It  is  known  that  thermally  expanded 
graphite  (TEG)  has  a  greater  potential  as  sorbent 
for  various  oil  products  being  a  high  modification 
of  the  natural  graphite,  having  a  developed  surface 
and  good  adhesion  to  the  most  organic 
compounds  [3],  The  sorptive  capacitance  of  TEG 
can  reach  60  g/g,  it  is  fully  hydrophobic. 

However,  a  number  of  problems  remains  not 
overcome:  selection  of  a  proper  grade  of  TEG 
powder,  need  of  a  certain  procedure  of  powder 
preparation  for  its  transportation  to  the  spilled 
areas. 

There  are  considerable  resources  of  natural 
graphite  available  in  Ukraine  thus  allowing  to 
become  a  producer  and  exporter  of  new  potential 
sorbent  for  Ukraine.  So,  the  Institute  for  Problems 
of  Materials  Science,  NAS  of  Ukraine,  is  now 
involved  in  the  search  of  an  efficient  use  of  TEG 
for  oil  spillage  cleaning  application. 

This  paper  describes  a  comparative  study  of  TEG 
powder  properties  of  TAK-2,  TCM-1  grades  and 
pyrolitic  graphite.  To  prepare  the  TEG  powder,  a 
technology  was  used  which  included  the  chemical 
treatment  of  natural  graphite  powder  by  solutions 
of  concentrated  sulfuric  acid  added  with 
potassium  bichromate  (4  wt.%)  and  thermal 


treatment  of  resultant  oxidized  graphite  to  up  to 
1000  °C  in  a  continuous  furnace  [4], 

The  thermal  treatment  yielded  200-300  times 
expanded  graphite  particles  along  the  C-axis, 
which  had  a  worm-like  structure. 

The  sorbent  surface  and  chemical  compositions 
were  examined  using  scanning  microprobe 
analysis  on  the  COMEBAX  SX-50  instrument.  It 
was  found  that  the  TEG  particles  had  a  worm-like 
form.  Bulk  density  is  an  important  feature  of  TEG 
as  sorbent,  which  correlates  with  its  specific  area. 
The  properties  of  the  TEG  grades  studied  are 
shown  in  Table 


Properties  of  studied  TEG  grades 


Characteristic 

■  ■  ■  w _ _ _ _ 

Grade 

TAK-2 

TCM-1 

Pyrog- 

raphite 

Particle  size 
along,  microns 
transverse,  mi¬ 
crons 

1041.0 

291.0 

1064.0 

331.2 

708.0 

220.0 

Bulk  density, 
g/dm3 

6.32 

2.88 

17.5 

Ash,  % 
maximum 

0.6 

0.55 

1.2 

Chemical  compo¬ 
sition,  % 

Sulfur 

Carbon 

0.22 

99.6 

0.2 

9., 8 

0.4 

99.2 

As  experiments  have  shown,  all  the  TEG  powders 
increase  their  bulk  densities  with  sulfur  and  ash 
contents.  On  the  other  hand,  a  reverse  relationship 
is  observed  of  powder  bulk  density  of  worm-like 
powder  size  and  carbon  amount. 

It  was  found  through  the  chemical  composition 
analysis,  the  bulk  density  of  more  «pure»  powders 
was  lower.  Thus,  for  instance,  such  elements  as 
iron,  silicon,  aluminum,  etc.  in  the  TCM-1  are  in 
significantly  smaller  quantities  as  in  the  TAK-2 
powder  and  pyrolitic  graphite. 
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The  sorbents  were  evaluated  for  potential  under 
laboratory  conditions.  To  determine  the  sorptive 
capacity  of  TEG  powders,  a  broad  cylindrical 
reservoir  was  filled  with  water  and  added  with  oil. 
The  TEG  powder  was  uniformly  distributed  all 
over  the  surface  of  reservoir  and  mixed.  The 
powder  containing  absorbed  oil  was  then  collected 
using  a  metallic  screen.  The  collected  matter  was 
weighed.  The  sorptive  capacity  is  defined  as  (m- 
mg)/mg,  where  m  is  the  weight  of  powder  with 
absorbed  oil  and  mg  is  the  weight  of  TEG  powder 
in  grams. 

As  experiments  have  shown,  all  the  used  TEG 
powders  had  high  hydrophoby  degree  and  were 
easy  collected  from  the  water  surface  after  the  oil 
absorption. 

The  studies  concluded  the  sorptive  capacity  of 
TEG  powders  of  47  g/g,  41  g/g,  36  g/g, 
respectively  for  TCM-1,  TAK-2  powders  and 
pyrolitic  carbon,  the  values  are  better  than  for 
known  sorbents,  which  not  exceeding  10  g/g.  This 
agent  only  absorbs  the  organic  liquid,  which  can 
be  70-80%  recycled  during  subsequent 
processing,  thus  notifying  another  important 
feature. 

The  sorptive  capacity  study  of  compacted  TEG 
powders  showed  their  efficiency  for  use  in  the  oil 
cleaning.  Moreover,  the  powder  does  not  drown 
and  can  be  removed  from  the  surface  without 
leaving  traces. 

To  resolve  the  problem  of  TEG  transportation 
emerged  from  its  low  bulk  density,  we  are  in  stage 
of  developing  a  technology  of  powder  compacting 
and  encapsulating  using  porous  materials. 

The  study  confirmed  the  potential  of  thermally 
expanded  graphite  for  collecting  the  oil  products 
from  the  water  surface. 
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The  problem  of  remaking  of  tungsten  containing 
wastes  is  very  important  for  Ukraine  not  having 
own  reserves  of  tungsten  mineral. 

Using  the  thermochemical  method  for  regeneration 
tungsten  wastes  supposes  two  main  operations: 
oxidation  of  wastes  with  the  subsequent  reduction 
-  carbidization.  There  are  some  methods  for 
realization  operations  of  reduction  -  carbidization, 
which  can  be  conditionally  divided  to  two  groups: 
traditional  technologies  with  carbon  using  [1]  and 
without  carbon  technologies  with 
methane/hydrogen  atmosphere  using  [1,2], 

In  [3]  the  method  of  simultaneous  reduction  - 
carbidization  of  oxidized  tungsten  wastes  in  the 
methane/hydrogen  atmosphere  of  a  precision 
controlled  composition  is  offered.  But  creation  the 
methane/hydrogen  atmosphere  of  a  precision 
controlled  composition  demands  application  of  the 
special  equipment  for  the  control  of  gas  mixture. 

In  this  work  the  products  of  thermodestruction  of 
high  hydrocarbons  is  offered  to  use  as  gas 
atmosphere.  This  process  is  remarkable  for  a 
maximum  simplicity  and  does  not  demand  using  of 
the  gas  communications  or  balloon. 

The  data  obtained  into  the  half-industrial 
muffle  and  laboratory  furnaces  were 
compared.  The  previously  oxidized  WC-Co 
hard  alloy  industrial  wastes  and  tungsten  wire 
wastes  were  used.  In  the  case  of  reduction  - 
carbidization  of  hard  alloys  oxidized  wastes 
the  carbon  was  added  into  the  mixture. 
Requisite  quantity  of  carbon  was  added  in 
accordance  with  stoichiometry  WC.  The 
reduction  -  carbidization  of  tungsten  wire  was 
carried  out  without  using  of  carbon. 

The  high  hydrocarbon  destructs  at  temperatures 
450  -  750  °C.  At  first  there  is  a  hydrogen 
appearance.  Then  C-C  connection  breakage  is 
observed.  Thus  in  a  hot  zone  of  furnace  high 
hydrocarbon  instantly  decompose  gassing 
hydrogen,  which  creates  a  reducing  atmosphere.  At 
a  further  destruction  the  lowest  hydrocarbon  forms 


and  reduction  -  carbidization  atmosphere  is 
created.  The  atmosphere  composition  is 
determined  by  following  reactions: 


Me0+H2=Me+H20 

(1) 

CH4+  H20=CO+  3H2 

(2) 

CO+  h2o=co2+h2 

(3) 

CH4+C02=2C+2H20 

(4) 

C+C02=2CO 

(5) 

c+h2o=co+h2 

(6) 

The  manufacture  of  tunggsten  carbide  depends  on 
the  thermodynamics  of  systems  containing  its 
constituent  elements. 

The  detailed  analyze  of  thermodynamics  of  the 
hydrogen-carbon-oxygen-tungsten  (cobalt- 

tungsten)  system  equilibrium  being  reviewed  in  [4, 
5]  were  made.  Reduction  —  carbidization  was 
carried  out  according  to  the  thermodynamic  data. 
Thus,  it  was  possible  to  avoid  carbon  losses,  which 
is  characteristic  for  process  spending  into  hydrogen 
medium.  Also  upsetting  of  redundant  carbon 
taking  places  during  reduction  -  carbidization  into 
methane/hydrogen  atmosphere  at  deviation  the 
composition  from  equilibrium  was  not  observed. 

The  different  temperature-time  dependence  for 
processing  reduction  -  carbidization  was  studied. 
Phase  composition  and  quantity  of  oxygen,  bound 
and  free  carbons  in  the  final  products  of  reactions 
were  determined  by  X-ray  and  chemical  analysis. 
Specific  surface  areas  were  determined  by  the 
thermal  nitrogen  desorption. 

It  was  shown  that  in  all  cases  specific  surface  areas 
were  decreased  at  increasing  of  process  time. 

As  can  be  resulted  the  kinetic  data  for  tungsten 
oxide  reduction  —  carbidization  stepwise 
transformation  W03  in  W  though  a  phase  of 
dioxide  WO2  and  then  the  transformation  into  WC 
though  a  phase  W2C  was  found.  In  this  case  the 
process  is  controlled  by  diffusion  and  depends  on 
temperature  and  process  time.  Reduction  W03  was 
finished  at  900  °C.  Carbidization  was  began  at 
1000  °C  and  finished  at  1100  -  1150  °C  into 
laboratory  and  half-industrial  muffle  furnace 
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accordingly.  Specific  surface  area  was  2,4  -  2,7 
rrf.'g  for  WC  received  into  laboratory  furnace  and 
2,3  m2/g  for  WC  received  into  half-industrial 
muffle  furnace.  The  contents  of  oxygen  were  0,6  - 
0,8  %  at  all  cases  and  maximum  quantity  of  free 
carbon  were  0.5  %. 

The  reduction  -  carbidization  of  mixture 
CoW04+W03  was  studied  in  presence  and 
absence  of  carbon  differently.  Stoichiometric  WC 
composition  could  be  obtained  only  at  the  presence 
of  carbon.  At  using  of  carbon  from  a  gas  phase 
received  by  decomposing  of  high  hydrocarbon 
process  occurred  slowly  and  phases  of  C03W3C+ 
free  carbon  were  obtained  under  the  same 
conditions. 

The  difference  in  passing  of  reduction  - 
carbidization  for  C0WO4+WO3  as  against  W03 
connected  with  the  presence  of  cobalt  in  mixture. 
Cobalt  is  known  as  the  activator  [6,7]  influencing 
on  carbidization  of  a  chemical  mixture 
C0WO4+WO3  when  it  does  not  combine  in 
intermetallic.  In  this  case  it  accelerate  the  reaction 
of  methane  decomposition  and  increase  the 
coefficient  of  carbon  diffusion,  as  it  is  in  four 
degree  higher  in  cobalt  against  one  in  WC.  The 
appearance  of  Co7W6  and  C03W  intermetallic 
phases  decreases  the  carbidization  degree  strongly 
[8].  Carbidization  of  Co?W6  intermetallic  includes 
the  stage  of  C03W3C  formation  with  following 
production  of  WC+Co  mixture. 
Co7W6+2C-*2Co3W3C+Co  (7) 

C03W3C  +4C->6WC  +6C0  (8) 

Co7W6+6C->6  WC+Co  (9) 

As  can  be  seen  in  [8]  the  carbidization  rate 
increase  in  the  presence  of  cobalt  7%  and  decrease 
at  the  cobalt  content  of  higher  7%.  Investigated 
wastes  relate  to  type  of  hard  alloys  containing 
cobalt  higher  liminal  7%.  Thus,  the  fact  of  whole 
carbidization  in  mixture  C0WO4  +  WO3  was 
observed  only  in  the  presence  of  carbon. 
Reduction-carbidization  of  such  mixture  at  the 
analogical  temperature-time  condition  has  taken 
place  with  the  Co3W3C  intermetallic  formation 
without  carbon. 

In  the  case  of  WO3  reduction-carbidization 
stochiometric  WC  was  produced  without  hard 
carbon.  According  to  thermodynamic  data  and  the 
component  concentration  [8]  the  carbon  activity  in 
the  mixture  of  CH4/H2  and  CO/CO2  increase  in  the 
row: 


Thus,  carbidization  of  tungsten  by  mixture  CH4/H2 
is  the  most  convenient  in  comparison  of  hard 
carbon.  At  high  hydrocarbon  thermodestruction 
had  also  obtained  the  mixture  of  methane  and  . 
higher  hydrocarbons  with  hydrogen. 

Produced  powders  with  high  specific  surface  area 
had  been  used  in  galvanophoretic  coatings  and 
shown  the  increasing  of  corrosion  and  abrasive 
resistance  in  3-5  times. 
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UTILIZATION  OF  FERROALLOYS  WASTES  UNDER  CAST  IRON 
MODIFICATORS  PRODUCTION 

V.Masliuk,  O,  Shinsky(t),  V.  Kurovskv,V.Litovka(1) 

Institute  for  Problems  of  Materials  Science  of  NASU,  Kyiv,  Ukraine 
Physico-Technological  Institute  of  Metals  and  Alloys  Science  of  NASU,  Kyiv,  Ukraine 


Preparation  of  smelted  ferroalloys  (on  the  base  of 
ferrosilicon,  silicomanganese,  silicocalcium  and 
others)  is  obliged  to  produce  wastes  in  the  powder 
kind. 

Last  investigations  in  Ukraine  and  abroad  have 
shown  perspectives  to  utilize  these  wastes  by 
pressing  with  addition  of  metallic  powders  for 
modifying  briquettes  production. 

Some  comparative  figures  about  economical 
efficiency  of  master  alloys/briquettes  are  shown  : 
energy  consumption  -  kWh/hour/MT  -  1500+- 
200/140+-20 

magnesium  solution,  %  70+-10/100 
comparative  consumption^,  1 00/7 5+-5 

Analysis  of  well-known  briquettes  are  shown,  that 
they  have  some  binder  elements,  which  will 
introduce  in  melt  in  kind  of  slag. 

Proposed  briquettes  do  not  have  binder  elements 
and  do  not  impurity  liquid  metal. 

In  some  explorations  we  have  clarified  precise 
conditions  of  mechanical  pressurizing, 
magnesium  content,  some  alloying  elements. 

Briquettes  density  is  dependent  from  their 
dimensional  characteristics.  Mechanical  strength 
is  dependent  from  porosity,  that’s  why  one  of  the 


most  important  under  briquettes  technology 
production  are  :  pressure  effort,  weight, 
dimension  and  briquettes  content. 

As  a  result  of  investigation  is  shown,  that  under 
porosity  rising  is  positive  attendance  on  raised 
temperature.  As  a  reverse,  content  of  graphite 
spheroidization  is  lowering  under  weight  growing 
of  each  briquette.. 

In  comparison  with  alloying  elements  of  analogic 
content  briquettes  have  ensured  production  of 
graphite  portions  with  larger  dimension  and  more 
bigger  content  of  ferrite  in  cast  iron,  that  we  can 
explain  by  presence  of  dispersed  components  in 
briquettes  (Ferro,  ferrosilicon),  which  has  a 
crystallization  centers  during  graphitization. 

Regimes  of  briquettes-modifocators  also 
influence  on  durability  of  their  solubility  in  cat 
iron.  And  dependent  from  pressurizing  has  an 
external  characteristics. 

Briquettes-modificators  of  optimal  developed 
contents  and  regimes  of  production  have  been 
tested  in  production  conditions  with  positive 
effect  under  casting  of  high-stressed  castings 
(crankshafts,  transmission  case,  etc.)  by  ductile 
and  vernacular  graphite  cast  irons,  and  relied 
their  competitiveness  with  others  more  expensive 
modificators  in  kind  of  alloyed  modificators. 
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